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PREFACE. 



During the six years I held the post of Curator of the 
Museum at the Royal London Ophthalmic Hospital, 1 
contributed several articles containing new facts and 
opinions on the Anatomy and Pathology of the Eye 
to the ophthalmological publications of this countrj-. 

At the Royal College of Surgeons in 1894, I gave in 
three lectures a summary of my researches. 

This book is composed of those lectures, together 
with a few additions which the time at my disposal 
did not permit of my including in them. 

These additions are the last part of Chapter II., the 
first half of Chapter IV., and the whole of Chapter VIII. 

I have not attempted to treat of the subjects dealt 
with in a systematic way, but have written on those 
points only on which I felt I had something new, that 
was. worth saying, to fellow workers in my profession. 

I am greatly indebted to the Ophthalmological Society 
and to the Staff of the Moorfields Hospital for permission 
to reproduce several illustrations, which had already 
appeared in articles of mine in their publications, and 
which help considerably to elucidate the subjects dis- 
cussed. 

E. TREACHER COLLINS. 



84 WiMPoLE Street, W. 

Fibruaiy, i8g6. 
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RESEARCHES INTO THE ANATOMY AND 
PATHOLOGY OF THE EYE. 



CHAPTER I. 



OF THE Suspensory Ligament of the Lens. 
Mode of Formation of tue Conditions termed Culobama Leiilis 
AND Ectopia Leiitis. Changes in the Shape of the Lens in 
Development and Disease. How Cells come to Line the Pob- 
TSRIOR Capsule in Cataractous Lenses. The Development of 
THE Lens Capsule. Anterior Polar Cataract, its Minute 
Anatouv and Mode of Formation. 



The Development of the Suspensory Ligament 
OF THE Lens. 

In studying the pathology of the eye I soon became 
aware how largely a knowledge of the embryology of that 
organ helped to interpret the changes met with. Not 
only does embryology help to elucidate morbid processes, 
but I think I shall be able to show that very valuable 
suggestions as to doubtful points in the development of 
tissues may be obtained from the changes which occur in 
disease. The way in which these two subjects, embryo- 
logy and pathology, mutually help to explain one another 
is the keynote of much that is to follow, 

Taking first the suspensory ligament of the lens, which 

was at one time supposed to consist of two layers of 

I membrane, but which is now known to consist of bundles 

I of fibres, its mode of development has been left bv em- 
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bryologists but very imperfectly explained. According to 
Kolliker, it is formed in man during the fourth month. 
Lieberkflhn remarks that the zonule is distinctly recog- 
isable in eyes which have attained half their definite 
Angelucci and Lowe believe that the suspensory 
ligament is derived from the anterior part of the vitreous. 
My attention was first directed to the matter by the exa- 
mination of an eye of which I published a full description 
in the Royal London Ophthalmic Hospital Reports.* It 




Fio. I. — Diagrammatic section of an eye with a persistent and patent 
central hyaloid artery and an ill-developed lens. 

had been enucleated from an infant aged three months, 
under the supposition that it contained a new growth. 
Pathological examination revealed that the opaque mass 
behind the lens, which had been taken for the growth, 
was really a collection of cells and fibres, into which a 
persistent hyaloid artery, still patent and carrying blood, 
passed and broke up (fig. i). The chief interest of the 
specimen, however, centred in the fact that it exhibited the 
fibres of the suspensory ligament in all stages of their de- 
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velopment. The fibres of the lens, instead of developing 
in the normal way, filling and rendering tense the capsule 
in which they are contained, had undergone retrogressive 
changes, and had left the capsule lax and wrinkled. 
Whether this was the result of the persistence of the 
hyaloid artery, or whether it had persisted as a result of 
changes in the lens, I am unable to determine. Anyhow, 




Fio. 2. — Section of eye represented diagrammalically in 
veloping iibres of the suspensory ligament are shown stretching between the 
ciliary processes and the lens capsule. 

as the result of the lax condition of the capsule, the fibres 
of the suspensory ligament do not appear to have become 
stretched to their usual extent, and hence exhibited all 
Lges of delayed development. The ciliary processes 
!re in places nearly in contact with the sides of the 
lens; adhesions stretched between them composed of 
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spindle-shaped cells (fig. 2), and in other parts of fibres 
like those of the suspensory ligament with nuclei lying on 
them (fig. 3). These fibres, as they approached their in- 
sertion into the ciliary processes, became thicker, and 
some of them were there composed of several layers of 
elongated ceils, which gradually merged into the unpig- 
mented cells covering the ciliary processes. 




Fio. 3. — Section of eye represenled diagrammatically in fig. i. The fibres 
of the suspensory ligament are shown in a more advanced stage of develop- 



The appearances shown in these specimens suggested 
that the fibres of the suspensory ligament were originally 
cellular adhesions passing between the sides of the lens 
and the ciliary processes ; that as the eye grew these 
adhesions became stretched, and lengthened out into 
fibres with nuclei on them ; and that ultimately the nuclei 
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disappeared and left the suspensory ligament as we see it 
in the adult eye. To test the truth of this theory I mea- 
sured the diameters of a series of foetal eyes and the dia- 
meters of the lenses contained in them. The result of 
these measurements I have embodied in Table I. There 
is a possible source of error in the fact that all the 
measurements were made after the eyes had been 
hardened in Mailer's fluid. On account of there being 
necessarily some delay in my obtaining the eyes after 
their removal this was the only course open to me. In 
every case an antero-posterior vertical section was made 
of the eyeball and the lens measured in situ. 

Table I. — Showing the Diameters of a Series of Fatal Eyes 
and of (heir Lenses. 
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I 
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Dl*K»TBR9 OF LEJ.S. 


Pos""o;. 


Lai.kal. 




pS^r^cmV 


l't"t: 


4lh month 
5th month 
6lh month 
7lh month 
glh month 
Adult . . 


3 

8 
Merkel 


8-1 mm. 
1175 mm. 
I2'5 mm. 
t4-3 mm. 
1675 mm 
24'3 mm. 


7-8 mm. 
1 1-5 mm. 

23-6 mm. 


7-5 mm. 
IO-5 mm. 

i2-b mm! 
■5'3 mm. 
23 -4 mm. 


2'S mm. 
3-5 mm. 
3-8 mm. 

4-3 mm. 
37 mm. 


3-3 mm. 

4-5 mm. 

5 mm. 
575 '"HI. 
gmm. 



This table shows that the diameters of the globe at the 
ninth month are just double what they are at the fourth 
month, and in the adult treble that size ; that the trans- 
verse diameter of the lens is likewise double at the ninth 
month, and treble in the adult what it is at the fourth 
month. So supposing, as is the case, that the ciliary body 
touches the sides of the lens at the fourth month — in that 
the eyeball is much larger than the lens, to begin with, and 
both increase to double and treble their size — then, unless 
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the thickness of the coats of the eyeball also become 
double the thickness they were (which they do not), there 
must be a gradual growing away of the ciliary body from 
the sides of the lens, and stretching of any adhesions 
which had formed between them. I have recently exa- 
mined microscopically a human fcetal eye of between the 
third and fourth months, in which cellular adhesions 
passing between the ciliary processes and the fibro- 
vascular sheath of the lens are distinctly shown, I think 
that there can be little doubt these are the commencing 
fibres of the suspensory ligament. The hindermost fibre 
of the suspensory ligament is inserted into the retina in 
the region of the ora serrata. The retina, as was long 
ago pointed out by von Ammon, and as I have had abun- 
dant opportunities of confirming, is in the fcetal eye 
thrown into numerous creases ; apparently the inner 
layer of the secondary optic vesicle grows at a greater 
rate than the outer. The most pronounced of these 
folds and the last to disappear is in the region of the ora 
serrata. In fact, folds of retina at this part are at one 
time in contact with the back of the lens, and while there 
are quite capable of acquiring adhesions to the fibro- 
vascular sheath. On the growth of the globe, the 
enlargement of the vitreous, and the flattening out of 
the retina these adhesions become stretched and elon- 
gated into fibres. 



COLOBOMA LENTIS. 

The above description of the way in which the zonule 
of Zinn develops, not only throws light on some of the 
congenital abnormalities met with in connexion with the I 
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lens, but also receives considerable support from its mode 
of explaining them. Taking first the condition known as 
coloboma lentis. An excellent resume of the literature of 
which malformation, together with two new cases, has been 
pubUshed by Dr. Heyl,* I cannot do better than quote 
the passage in which he sums up : " From the preceding 
it may then be seen that coloboma of the lens is a con- 
dition which presents at the place of defect an edge, not 
rounded as in the normal condition, but either straight in 
the horizontal direction or incurved; that the amount of 
deficiency varies from a slight indentation to about one- 
quarter of the lens substance, the centre of the lens, its 
poles, and the lens substance in the immediate vicinity 
being uninvolved ; that the lens sometimes, in addition to 
the defect, is imperfectly developed in all its meridians ; 
that the deficiency is always in the inferior half, and, 
almost without exception, entirely so ; and, finally, that 
coloboma of the other ocular structures frequently co- 
exists, but verj' frequently no trace of it can be found." 

Now, supposing the pars ciliaris retinae failed to acquire 
adhesions to the lens capsule in one part of its circum- 
ference, it follows that the suspensory ligament would be 
absent in that position ; and that as the eyeball enlarged 
that portion of the capsule to which no suspensory lig- 
ament was attached would not be held taut, and made to 
expand like the remainder. Consequently there would be 
a depression in the lens in that situation. The amount 
and shape of the deficiency would depend on the extent 
of the defect in the suspensory ligament. There would 
not, of course, be any alteration in the nucleus or poles 
IS of the Fifth I ntei national Ophthatmological Congress," 
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fff ^^r^ |Ar,4, fhi iiu'nt^ iiir formed before the inflrkencse cif 
Ou -M»c^^#»i^/*-/ l}|/riiiit*iit romes into play. The mcst 
lil/rly r-»i»4^. tfff lUti iMinudlif sioii, and so for the defect 
in thrv 4iT<ir^f*«^#^y ll^fitiiiriit, would Ixi the absence of the 
'tlitr/ Mr'l/ ^^ ("i»o liliuiirt ntin;t — in fact, coloboxna of 
»hr / ili-^ry Mr/ly. | li . Iltyl huys that this condition does 
fr' 'pfr^nfly //r^.^iol Willi H dnfrct III thc Icns, the defect be- 
iiv/ in fh^ ^ihtnVitfh ttt lliti tirtiil (Ifft. Mr. Marcus Gunn,* 
p toir'linfi/ M»/> //rifdllh'ii of ( oloboiniL lentis from the clini- 
/'il Mr1r>«^ K'to iMiv'd tit u biiiiihir ronclusion as to its mode 
f^ r'rrrr»t*»/fiff M*- *>'«yo : ** '\\\v liotrh in the lower border 
/,f fht* ^nr,J> /^i^v' iih iiM oniitrd for l)y the imperfect deve- 
\tfyrtnf^ri^ fA Mr/. ^ lll'H V |*ioi t.bht^rt iiiid suspcHsory ligament, 
•'. »h>f f>r^ T^^^ \tho lo Mot hi ir, ihawn outwards into the 
ri'.rfn-it //r/rrfr'W'^ni/i.ly bliiiip Miivt* ut its ccjiKitor." The 
•^ff.A hyf-H^M\ )»i«o I'h l»Miti| tiiul dfsrriluHl a case of con- 
^t rM^^li/ //f^^|/t'«M.d ^hmI iioti luil Irns, in which a distinct 
'/fy »ff M»/. i*i»*^j'/.M.>''» V lU;iihu III wiis visible corresponding 
► // Hr/. hhUSi \ \i'\\i' ui i-hlly rxiinuned pathologically 
'yrr / /^.>f^U M« ^'l«M h llMii' wub u (oh^rrnital coloboma in 
^f,/. //.,>/.^ Htitmih ht tlui Irhtt. Tlu» ciliary processes 
hy/f.^*U^ Hft, hffU\^ JM tijij Iriih, instead of being directed 
th H^if\3^ >//V/;iMlb ll«»: bidtJtj ol the. lens, as they were in the 
h ri f4 M^>; rjMMlMfi^iiiMrw of the globe, sloped backwards 
^^>;;l': /v.; <*)|/. ^/j. 'I Ilib might be explained by the sus- 
(/':/,.•>// y \}{iHih^-u\ ht^ihg abbeut in this position, the ciliary 
\fn fU:.i^<sA:'9 hui having been drawn forwards by it, as was 
liu: tji^L dbA^whiiie. Whether or not there was a gap in 
the bijbpi:/*bory ligament I was unable definitely to deter- 
uniii:^ owing to the way in which the eyeball was opened. 

* *' Ophthalmit: Heview," vol. viii., p. 234. 

t " Transactions of the Ophihalmological Society," vol. ix., p. 166. 
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Ectopia Lentis. 

Ectopia lentis, or congenital displacement of the lens, 
has been attributed by Becker to irregular develop- 
ment of the suspensory ligament, I think the explan- 
ation I have given of the mode of formation of the 
latter helps us to understand how this comes about. 
The literature of the subject has been carefully worked 
up by Dr. D'CEnch,* and he ends his article with the 
following conclusions : — " i. Ectopia of the lens is a 
malformation, the causes of which thus far remain un- 
known, 2. It always affects both eyes, generally in a 
symmetrical manner. 3. The direction of the displace- 
ment is almost always either upwards and inwards or 
upwards and outwards. 4. The lenses are generally 
transparent ; sometimes their size is below the mean. 
5. The suspensory ligament is sometimes found and 
sometimes it is not. 6. In about one-fourth of all cases 
there is myopia. 7. The position of the lenses may re- 
main unchanged throughout life but spontaneous disloca- 
tion may also result. 8. Heredity has been proven." 
Supposing the adhesions, which take place between the 
capsule of the lens and pars ciliaris retinse to form the 
fibres of the suspensory ligament, be absent over a large 
area, then on the expansion of the globe there would be 
no counteracting force on one side to hold the lens in 
position, and it would be drawn towards that side to 
which the adhesions had formed. The determining cause 
as to whether a coloboma of the lens is formed or an 
ectopia would depend on the extent of the deficiency in 
■ •' Archives of Ophthalmology," vol. x., p. 89. 
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f suspiiusory ligament. In some cases, as would be 

iKtvU, both are present. When the deficiency is 

' great indeed the lens would be mobile, and might 

tM>»in« dislocated. Abnormal density or frailty of the 

adll«»H>a» in part of the circumference would also be 

U^t> causes of displacement of the lens, and would ac- 

^ivHUit fijr those cases in which some of the fibres of the 

iHi^wfiisory ligament can be seen passing (in a case of 

dui^l&uvuitiut upwards) from the lower margin of the lens 

Sft the tiliarj" body. Delay in the closure of the fcetal 

\ th(.>uj;h it did not lead to permanent coloboma of 

FjipA ciliary Ux-ly, could yet lead to ectopia of the lens, for 

(■••>V uii^ht have expanded to such an extent that the 

Iwwi would ha\-« been drawn away from the lower part of 

"*• Ktvb« before the ciliary processes had sufficiently 

wvvlo^x^ to have acquired adhesions to its capsule. 

iVIt. NvUleship, in his "Textbook on Diseases of the 

(fiyv,""* says: "Congenital dislocation of the lens is 

*""** ^wiiiupanied by other defects of development, such 

** *^'*^vb(.>mtt," It is noteworthy that the lens is almost 

[**>''**•>.»"' ittbly displaced upwards, either directly, or with some 

**»«tu>n inwards or outwards ; that is to say, it is 

— — ,-^t always displaced in the opposite direction to the 

/""^^^.v! cleft, which we know is generally downwards, or ■ 

■ ^'*^^'V itwKi'ds with a slight inclination inwards or outwards. 

• Fifth edition, p. i8i. 
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Changes in the Shape of the Lens in Develop- 
ment AND Disease. 

The table of measurements of lenses, which I have given 
above, shows that the transverse diameter of the lens 
is at the fourth month only a little more than the antero- 
posterior diameter, and in the adult lens is nearly three 
times as much. This globular condition of the foetal lens 
is well known, and the alteration in its shape is due to 
the laying on of fresh lens fibres at the sides. The cells 
lining the anterior capsule proliferate and shift round it 
until they reach a position a Httle behind its equator, 
where they commence to lengthen out. The traction 
which is exerted on the sides of the lens, through the 
fibres of the suspensory ligament, by the growth of the 
ciliary processes away from it, apparently influences the 
position in which new lens fibres are laid on. 

In two congenitally misplaced lenses which I have exa- 
mined microscopically, and in which the lateral traction 
did not come into play ; the cells lining the capsule 
instead of lengthening out into lens fibres at the equator, 
had spread round the posterior capsule for some distance, 
and had some of them swollen up and become large and 
globular. 

The traction on the sides of the lens helps to produce 
bowing of its fibres ; in the early fcetal lens they are some 
of them quite straight and others only slightly bent. My 
table of measurements seems to show, though the number 
of eyes examined is too few to make it certain, that the 
ante ro- posterior diameter of the foetal lens is somewhat 
greater than that of the adult. If after birth the ciliary 
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area becomes abnormaUy enlarged, as in the condition 
known as bupthalmos, then the lens becomes flattened 
antero- posteriorly and lengthened transversely. This 
decrease in the antero-posterior diameter of the lens 
must be due to the increase in the curvature of its fibres. 



How Cells come to line the Posterior Capsule 
IN Cataractous Lenses. 

The cells which Une the capsule of the lens end nor- 
mally a little behind its equator, so that the posterior 
capsule has no cells lining it. In cataractous lenses, 
both senile and inflammatory, not uncommonly a row of 
cells is found lining the posterior as well as the anterior 
capsule. The explanation of this change is, I think, as 
follows : — The cells which line the lens capsule are epithe- 
lial cells and tend to go on proliferating throughout life, 
the only thing which checks this proliferation is the ten- 
sion to which they become exposed. As they proliferate, 
they shift round the capsule until they reach the equator 
of the lens, where they lengthen out into lens fibres. 
Should anj-thing occur in the lens to lessen the tension 
of its capsule, the cells will at once begin to multiply at 
a greater rate. In cataractous lenses the tension be- 
comes lessened by degeneration or shrinking of the lens 
fibres. Should some degeneration occur in the nucleated 
zone, then instead of the cells lengthening into lens fibres 
there, they might continue to spread round the posterior 
capsule and line it. In several cataractous lenses which 
I have examined with cells lining the posterior capsule, 
I have found lens fibres in the nucleated zone breaking 
down into hyaline globules. 
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The Development of the Capsule of the Lens, 
AND Anterior Polar Cataract. 

The way in which the capsule of the lens develops has 
not yet been definitely determined. There are two views 
respecting it which are thus referred to in the ninth 
edition of Quain's "Anatomy": "The origin of the 
capsule of the lens appears to be still somewhat doubtful. 
Lieberkuhn, Arnold, and Lowe profess to trace it to a 
thin pellicle of mesoblast, which at an early period passes 
in between the lens and the secondary ocular vesicle ; 
but Kolliker and Kessler are of opinion that it is a cuticu- 
lar deposit on the surface of the lens cells. Balfour is 
inclined to adopt the latter view, on the ground that the 
capsule seems to make its appearance before the intro- 
duction of the mesoblast has occurred." The examina- 
tion of the histological changes in anterior polar or 
pyramidal cataracts, throws, I think, some light on this 
matter. I have had the opportunity of examining patho- 
logically a large number of lenses with this form of catar- 
act, and I will discuss in detail the changes observed in 
them and enter somewhat fully into the views which have 
been put forward as to their mode of origin, I have exa- 
mined microscopically thirteen lenses with anterior polar 
cataracts, which have varied from one month up to 
twenty-one years in the length of time which had elapsed 
since their formation. 

I may here mention that I only regard as anterior 
polar cataracts opacities which are situated within the 
capsule ; these are opacities of the lens itself — that is, 
true cataracts ; and to them the name should be confined. 




I - 

^^B It is possible that there may be opacities at the anterior 

^^M pole of the leas, due either to inflammatory deposit or to 

^^^ the persistence of a portion of the anterior fib ro- vascular 

^^M sheath ; these would be external to the capsule, and 

^H therefore not true cataracts. It is well not to confound 

r 



changes are shown 

they really are— viz., pupillary membranes, either inflam- 
matory or congenital. 

The first change to occur in the formation of an 
anterior polar cataract is a localised proliferation of the 
cells lining the anterior capsule and some disturbance 
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and breaking up of the lens fibres in the neighbourhood. 
As a consequence of the proliferation of the capsule cells, 
elevation of the hyaline capsule over them is brought 
about, and from the breaking up of the lens fibres some 
excavation of the lens substance beneath them occurs 
(fig. 4). Later the mass of cells and debris of the 




Fio. 5. — An anlcrior polar cataract of seven month formation. A layer 
of cells is shown beneath ihe opacity, continuous with those lining the 
capsule elsewhere, and a hyaline layer in front of it. 

broken-up lens fibres become condensed into an almost 
structureless substance, showing a slight lamination and 
having a few flattened epithelial cells stranded here and 
there in it. When the mass which constitutes the 
opacity has reached this condition the cells which line 
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the capsule at its margin spread in between the opaque 
part and the unaltered lens substance, so that in an 
anterior polar cataract which has existed for more than 
seven months, a layer of cells is seen between the opacity 
and the lens substance continuous with those lining the 
capsule elsewhere (fig. 5). Later still — that is, after several 




Fio. 6. — An anterior polar cataract of eleven years fbnnation. 
plete layer of hyaline capsule lined by cells Is shown behind the opa>;ily, 
and 3 hyaline layer in ftont of it. 

years — a layer of hyaline capsule is found separating the 
opacity from the lens substance in addition to the layer 
of cells, so that at the margin of the opacity the hyaline 
capsule seems to split into two divisions — one going in 
front of it and the other, with a layer of cells lining it, 
behind it (figs. 6 and 7). 

Presumably the newly formed layer of capsule is a 
deposition from the cells; and if the capsule cells are in 
a pathological condition capable of producing a layer of 
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hyaline capsule, it seems reasonable to suppose that that 
structure is originally formed by them. That the changes 
which give rise to pyramidal cataract are situated be- 
neath the hyaline capsule was long ago pointed out by 
Stellwag von Carion, Mailer, Rucke, Bauer, Dixon, and 
Hulke. That occasionally a hyaline layer is met with 




Fio. 7. — An anterior polar cataract of Iwenty-one years farmaiion, 
layer of hyalins capsule lined by cells is Ehown behind the opa.cily a 
hjraline layer of equal thicknesa in front of it. 



behind the opacity as well as in front of it was mentioned 
by Becker, who considered that it had become split off by 
the intrusion of new material into the substance of the 
capsule. More recently B. Gepner, jun.,* as the result of 
the examination of two cataractous lenses from fishes' eyes, 
came to the conclusion that these hyaline layers were not 
split off the original capsule, but freshly secreted by the 
• "Archiv fur Ophthalmologie," Bd. xxxvi., Ab. 4, S. 255. 
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epithelial cells. This latter view of their origin I am 
inclined, as I have said, to believe to be correct, because : — 
in all the more recent anterior polar cataracts which I 
have examined I find there is no distinct layer separating 
the opaque part from the lens fibres. In those of longer 
duration a layer of cells is observed between them, which 
look as if they had spread in from the unaltered cells 
lining the capsule. In two lenses in which several years 
had elapsed since the formation of the cataract, in front 
of the layer of cells was a layer of hyaline capsule ; it 
was thicker in the one of twenty-one years than in that 
of eleven years' duration. Also, because the hyaline layer 
behind the opacity in one of the cases is a complete layer 
{fig. 6). I have examined numerous sections of it, but have 
been unable to find any gap in its continuity through 
which the intrusion of new material could have taken 
place. 

Very similar conclusions as to the origin of these 
hyaline layers behind the opacity in anterior polar 
cataracts, and as to the development of the lens capsule, 
have been arrived at by Otto Schirmer.* He found that 
after wounds of the anterior capsule, the gap was first 
closed by some rows of cells resulting from proliferation 
of the capsular epithelium beneath a layer of fibrine, and 
that afterwards a new hyaline layer made its appearance, 
across the space left by the retraction of the two extremi- 
ties of the wounded capsule. This new layer was evi- 
dently the product of the epithelial cells on its inner 
surface. 

It is sometimes observed that when there is an opacity 

at the anterior pole of the lens there is also a second 

* •■ Archiv fur Ophthalmol ogle," Bd. xxxv., Ab. i, S. 230. 
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opacity, a little depth in the lens substance, separated 
from the anterior one by some clear lens matter. I have 
notes of three such cases. 

The first case was that of a man aged twenty-four years, 
who in infancy had had inflammation of the eye, which 
left a nebula of the cornea. There was a raised opacity 
at the anterior pole of the lens opposite the nebula, and 
further back in the lens another opacity. The second 
case was that of a girl aged nineteen years. She stated 
that both her eyes were bad when she was born ; they 
were swollen and discharged ; they remained bad for 
about three months and had been in their present con- 
dition as long as she could remember. She had slight 
lateral nystagmus, faint nebuice of both cornese, a small 
central opacity at the anterior pole of each lens, and a 
second opacity in each lens at a little depth in it, clear 
lens substance intervening. The third case was that of 
a man aged twenty years; his left eye was inflamed when 
he was three years old ; he never remembered seeing pro- 
perly with it. There was a faint nebula of the cornea, 
and in a position corresponding to it an opacity at the 
anterior pole of the lens ; posterior to this was a layer of 
clear substance, and then a second opacity. 

It will be seen that in all these three cases several 
years had elapsed between the inflammatory attack, 
which presumably caused the anterior polar opacity, and 
the time at which the patient came under observation. 
These lenses had therefore considerably increased in size, 
due to the laying on of fresh cortical fibres, since the 
anterior polar cataracts were first formed. These fresh 
fibres would have separated the opaque part, produced by 
the mass of prohferated epithelium, from the part of the 
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lens which was in contact with them when the distur- J 
bance originally occured, and which was also probably ] 
broken up and opaque. In this way two opacities were 
formed separated by clear lens substance, the posterior of 
which appeared to sink deeper and deeper as the lens in- 
creased in size. 

It is well known that anterior polar opacities in 
the lens are frequently produced by ulceration of the 
cornea, and frequently follow that very common cause 
of ulceration of the cornea — \\z., purulent ophthalmia 
of infancy. Though most often originating in early life, 
they may occur at any age. I have examined one of 
recent formation from a man aged fifty-one years, who 
one month previous to excision had had ulceration of 
the cornea, with hypopyon, for which a Saemisch's sec- 
tion had been performed. I have another specimen from 
a man aged forty-six years, whose eye was affected with 
a traumatic ulcer of the cornea one month previous to 
its enucleation. True anterior polar cataract — that is, 
where the opacity is situated beneath the capsule, and 
which in every respect resembles those which follow on 
ulceration of the cornea — may be congenital and occur 
in eyes with perfectly clear corneEe. I have two speci- 
mens which demonstrate this, and I wish to lay particular 
stress on it, because if is very tempting to attribute any 
congenital opacity at the anterior surface of the lens to 
the persistence of a portion of the anterior fibro- vascular 
sheath, especially if tags of it are adherent to the anterior 
surface of the iris in the same eye. The first of the two 
cases of congenita! anterior polar cataract I examined 
was associated with such tags, and in addition with 
almost complete congenital absence of the iris in both 



eyes. The patient died when three years old as a result 
of a burn, and both eyes were obtained for pathological 
examination ; one has been mounted as a macroscopical 
specimen (fig. 26), and sections have been cut of the other. 
I shall have to refer again to this eye in speaking of con- 
genital abnormalities of the iris. My second specimen of 
congenital anterior polar cataract is a very remarkable one. 
The eye was excised when the child was seven years old ; 
it had, in addition to the opacity of the lens, congenital 
anterior synechia of the iris and hydrophthalmos. The 
anterior polar opacity was very large and the rest of 
the lens imperfectly developed. As I have said, it is 
quite possible to have congenital anterior polar catar- 
acts without any opacity of the cornea. Often in those 
in which anterior polar cataracts exist, and in which 
there is a distinct history of purulent ophthalmia in 
infancy, only a faint nebula of the cornea is found ; 
so faint, indeed, sometimes that it seems impossible to 
believe that it is all the damage that has resulted from a 
perforating ulcer of the cornea. Though these cataracts 
are most often seen clinically in cases where there are 
slight corneal changes, from the great frequency with 
which I have met with them pathologically in eyes where 
the cornea is completely opaque, and where there can be 
no doubt that perforation has occurred, I feel convinced 
that a perforating ulcer is the commonest cause of them. 

Such, then, being the facts with regard to anterior 
polar cataracts, how can their formation be explained ? 
Mr. Hulke,* writing on this subject, says : " When we 
remember the small size of the anterior chamber of an 
infant's eye and the spherical shape of the lens at this 
* " Royal London Ophthalmic Hospital Reports," vol. i., p. 190. 
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period of life, it becomes apparent that the distance 
between the firont of the lens and the posterior surfeice 
of the cornea mast be very smalT, for a large segment of 
the lens projects through the pupil and the zenith is con- 
siderably in advance of the plane of the iris ; in these 
respects the infstnt's eye presents a striking similarity to 
that of the fish. In ophthalmia neonatomm, when the 
cornea has become inflamed and swollen its posterior 
sorfeice may actually come into contact with the firont of 
the lens, and then a dot of lymph poured oat apon the 
latter by the inflamed cornea, or even the mere pressure 
contact, may ^\^ rise to opacity by pre\-enting the proper 
nutritional c^mose through the capsule : the little white 
cones which seem to project forward through the pupil 
in cataracta p^Tamidata, have their origin in this way.*' 

Mr, Hutchinson* says on this matter: "The theory 
which I would venture to support is this, that the mere 
proximity of the inflammatory action on the surface of 
the conjunctiva and cornea suffices to disturb the nutri- 
tion of the lens capsule and to produce deposits- It is 
of course admitted that the lens sur&ce is, during in- 
fancy, in very close proximity with the posterior surface 
of the cornea, so that such disturbance of nutrition may 
be more easily possible than it would in adult Ufe. Still, 
\i this hypothesis be tenable, we have in the occurrence 
a most interesting example of the pathological possibility- 
that diseased action, may by a sort of vital catal\-sis, 
disturb a structure with which it is not in continuity-, and 
that even when there exists between the disturbing and 
disturbed tissues a structure (cornea) which is whoUv 
unaffected, and a layer of fluid of greater or less depth/' 

• Ibid. J vol- vL, p. 138. 



Mr. Hutchinson.t in criticising the views of Mr. Hulke 
on the mode of formation of pyramidal cataracts, says : 
" I cannot but suspect that we adopt hypotheses which 
are too mechanical when we attribute these httle opaci- 
ties either to corneal perforation or to prevention, by 
pressure, of nutritional osmose. As regards the latter, 
we must remember that there is excess, not deficiency, 
of growth." 

My own observations of these cataracts lead me to 
incline to the view put forward by Mr, Hulke, and to 
attribute their formation to contact of the cornea with 
the anterior pole of the lens, and so an arrest in the 
osmose of the nutritionai fluids to it in that position. 
The contact when the opacity is congenital is due to 
delay in the formation of the anterior chamber which 
prolongs the apposition of these structures, normally 
existing during part of fcetal life, after the fibro-vascular 
sheath has disappeared. In infancy, when the anterior 
chamber is very shallow, contact may be brought about 
by the swelling of the cornea, which is the accompani- 
ment of inflammation of it, and need not necessarily be 
due to its perforation. Later in life the formation of 
anterior polar cataract is less common, and it would then 
seem that perforation of the cornea must occur before 
the lens can come into apposition with it. Mr. 
Hutchinson's objection to this theory may, I think, be 
met in this way. The immediate result of the arrest of 
the osmose of nutrient fluids through the capsule at the 
anterior pole, is to cause the lens fibres in that region 
to shrink, and to break up into hyaline globules and 
granular detritus; as a consequence of their shrinking 
+ Ibid,, p. 140. 
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and degeneration, the tension of the capsule at the 
anterior pole is lessened. There is evidence to show that 
the only thing which keeps the epithelial cells that line 
the capsule from proliferating more quickly than they do, 
is the tension to which they are exposed ; therefore, 
directly the tension at the anterior pole is lessened they 
commence to multiply at an increased rate, and form the 
mass of cells which is the earliest stage of these opacities. 
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Histological Appearances of Zonular Cataracts. 

During the last few years the results of several investi- 
gations of the minute anatomy of zonular cataract have 
been published. I have myself had seven lenses present- 
ing this form of cataract for microscopical examination. 
Before entering into the changes I have found, I will 
briefly review what has been written on the subject. 
Von Grafe* and Jagert found from section of lenses with 
zonular cataract which had been removed by extraction, 
that there was an opaque whitish line separating a clear 
nucleus from a clear cortex. DeutschmannJ was the 
first to examine a zonular cataract microscopically. He 
found the nucleus and cortex clear and unchanged, but 
that they were separated by a zone in which the lens 
fibres were altered by the presence of numerous vacuoles 
and small drops of myeline ; also that there were fissures 
-between the fibres filled with granular detritus. The 
next observations into the microscopical characters of 
zonular cataract were made, almost simultaneously, by 

• " Archiv flit Ophlhalmologie," Band i.. Ab. 2, S. 336. 

t " Staar und Staar- opera tionen," 1854, p. 17. 

J " Archiv fiir Ophlhalmologie," Band xxxii., Ab. a, S. 295. 
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Beselin* in Germany and by Lawfordt in this country. 
Beselin summarises the changes he found as follows : 
" Scattered throughout the nucleus of the cataract ex- 
amined we find numerous small masses, which are appar- 
ently post-mortem coagulation products. This nucleus 
is surrounded by two oval zones of cataractous substance, 
neither complete nor continuous, which are separated by 
a layer of normal lens tissue. These are, however, united 
here and there ; both zones consist in greater part of 
large and small fissures, which are filled with detritus. 
In their immediate vicinity lens fibres are found, which 
are in process of cataractous degeneration. The cortex 
is composed of normal lens tissue ; it presents a number 
of small fissures apparently accidental, which are filled 
with detritus, and at the periphery a number of small 
fissures may be seen, which were apparently produced 
artificially." Lawford, in the three specimens he exa- 
mined, found in the cortical layers no changes of impor- 
tance. The line of demarcation between the cortical and 
nuclear areas was abrupt, and between them he found a 
thin layer with breaks in it of granular substance ; this 
he regarded as probably constituting the essential part of 
zonular cataract. In the nuclear area of all three speci- 
mens were a large number of small irregular dots or 
particles arranged more or less in layers, and which 
seemed to run concentrically, as if following the laminae. 
He was inclined to regard these latter as coagulation 
masses, the resnlt of the fluids employed in preserving 
the specimens. Otto Schirmerl found a similar dotted — 

• "Archiv fiir Augenheilkutide," Band xviii., Heft i. 

f " Royal London Ophthalmic Hospital Reports," vol. xii., p. 1S4. 

* " Archiv fur Ophlhalmolog-ie," Band xxxv.. Ab. -. P. : — . 
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or, as he termed it, "vacuolated" — condition of the 
nucleus to that discovered by Eeselin and Lawford. 
He found, however, that the vacuoles were more numer- 
ous in what he regards as the zone of opacity than in its 
central portion. He does not agree with Beselin and 
Lawford that these vacuoles were produced by the hard- 
ening reagents, but considers that they are the essential 
cause of the opacity. Such a band of vacuoles, he points 
out, is just the very thing to produce an opacity in a 
lens, as the coefficient of refraction differs in the vacuoles 
and in the lens fibres ; the fact that this layer was not 
sharply differentiated from the nucleus is no argument 
against his position, for there is nothing to prove that 
zonular cataracts have any such sharp line of demarca- 
tion. He subsequently* brought forward a specimen to 
show that vacuoles existed in a lens in the recent state ; 
also that the layer of vacuoles corresponded exactly in 
size and position with the opaque zone seen before and 
after extraction. The clefts described by Beselin and 
Lawford he thinks are probably the strije often seen in 
connexion with these opacities. Schirmer has further 
shown that central cataract is due to vacuoles or drops 
similar to those seen in zonular cataracts. Hess, who 
has examined five zonular cataracts, confirms Schirmer's 
results. 

The seven lenses which I have examined with what 
were described clinically as zonular or lamellar cataracts 
were all prepared in the same way. They were all hard- 
ened in Miiller's fluid, passed through spirit and em- 
bedded in celloidin, after which sections were cut of 
them. They were all lenses which had been removed by 
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the operation of extraction, after the capsule had been 
opened, from patients over the age of twenty-four years. 
In all of them some laceration of the extreme cortical 
layers had occurred. In three only was the transverse 
diameter of the opacity measured, in two of these it was 
3'5 mm. across and in the other 5"5 mm. Microscopi- 
cally three different kinds of changes are met with in 
these lenses; all three are not present in each lens, and 
the amount of change in each lens varies considerably. 
These changes are : — First, fissures between the lens fibres, 
which may or may not contain a granular substance, they 
run concentrically to the nucleus separating it from the 
cortex. Secondly, small vacuoles, mostly round or oval, 
but in places (where they seem to have run into one 
another), elongated and beaded. Some of them contain 
a hyaline substance, which, after prolonged immersion in 
logu'ood, stains deeper with it than the surrounding lens 
fibres. The average size of the vacuoles is about 0*005 
mm. across. Thirdly, spaces larger than the so-called 
vacuoles measuring on an average about o"02 mm. across, 
mostly circular, with very irregular margins and contain- 
ing a granular substance which stains deeply with log- 
wood ; apparently some degeneration of lens substance 
occurred in their formation. These three changes corre- 
spond to the appearances seen clinically in these catar- 
acts — viz., the radiating spokes or strije, the uniform 
haze, and the denser dots. None of the specimens 
showed any changes in the cortical layers, which were 
not readily accounted for by laceration of them in the 
removal of the lens. In several of the specimens there 
was a great tendency for the nucleus to separate from the 
cortex and to drop out. In these it was impossible to say 
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I to what extent fissures, between the nucleus and cortex, 
existed prior to extraction. In some, fissures existed 
containing no granular substance. In one the amount 
of granular substance was very great ; it formed a band 
0'i5 mm. wide encircling the nucleus. The lens fibres 
bordering on this band were degenerate and had some 
of the small vacuoles amongst them. This specimen 
differed from all the others I have examined in that the 
nucleus showed no changes and was completely free from 
any vacuoles. In the appearances of the band of granular 
substance, and in the absence of changes in the nucleus, 
it is very similar to that described by Deutschmann. In 
all the other six lenses small vacuoles were present in the 
nucleus; in most they were more numerous and closer 
together in a zone around the nucleus than in the nucleus 
itself; in two, however, they were distributed uniformly 
throughout the whole nucleus. If these vacuoles or 
bodies, as Schirmer suggests, are what give rise to the 
opacity, then these last two specimens were really central 
and not zonular cataracts. They were probably incor- 
rectly classed clinically. It would seem that no very 
sharp line can be drawn between zonular and central 
cataracts — the same changes are met with in both, differ- 
ing only in locality and degree. In the two lenses in 
which in addition to the zonular haze white dots of 
opacity were seen are the ones, and the only ones, in 
which I have found the third change mentioned, the 
larger circular spaces with granular contents. The posi- 
tion of these spaces, outside the zone of small vacuoles, 
corresponds to that in which the white dots appear to be 
situated. 
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Theories as to the Mode of Formation of 
Zonular Cataracts, 

Such, then, being the anatomical changes met with in 
zonular cataract, how are they brought about? Horner's 
view was that a pathological layer of lens substance is 
deposited about a normal nucleus. This he attributed 
to rickets, the convulsions met with in connection with it 
being due to cranio-tabes, and the changes in the enamel 
of the teeth being also of rachitic origin. This view of 
the rachitic origin of zonular cataract has been widely 
accepted by writers on the Continent, but none of the 
text -books in this country mention it. 

Leber thought that a normally formed layer of lens 
substance became subsequently changed. Beselin and 
Schirmer differ from these authorities. The former 
asserts that alterations in the nutrition affect the whole 
nucleus, and that this change takes place when the sub- 
sequent nucleus constitutes the whole lens, the general 
contraction of the affected part causes the formation of 
fissures between it and the cortical layers of normally 
formed lens substance which are developed later, and 
that a granular substance subsequently collects in these 
fissures, Schirmer's theory is as follows : " Some un- 
known disturbance — probably in its nutrition — affects the 
lens so as to produce vacuoles in its substance. These 
may be at first in the fibres, perhaps, but later on between 
them, certainly. Only the newest lens fibres and those 
formed during the action of the noxious agent contain 
enough vacuoles to exhibit a visible opacity. The 
vacuoles in the nucleus are not enough to produce this 
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appearance; but, though the nucleus remains transparent, 
it has altered in its physical properties so that it shrinks 
more rapidly than the subsequently formed cortical por- 
tion is able to do, and clefts are thus produced in the 
lens." 

Many regard zonular cataracts as really congenital, and 
a recent paper by Bernard Dub* brings forward evidence 
in favour of this view. The table of measurements of 
foetal lenses I have given in chapter I, has been used by 
him, together with measurements of adult lenses by 
Priestley Smith, and a series of measurements of lenses 
from the ages of ten months to twelve years made by 
himself, for the purpose of determining the time of life at 
which zonular cataracts originate. To do this he has 
compared the measurements of the lens at different ages 
with those of the opaque zones in a series of zonular 
cataracts. His method of effecting the measurement of 
these latter is very ingenious. It is described as follows : 
" If the left eye be the one affected, a millimetre scale is 
placed about the patient's left temple behind the outer 
canthus. The observer illuminates the fundus of the eye 
by an ophthalmoscope held before his own right eye, and 
keeps his left eye closed ; then, opening his left eye, he 
squints inwards, so as to fix the scale with the left eye, 
while the right still observes the cataract against the red 
background of the illuminated fundus. The position of 
the scale is such that the homonymous diplopia thus in- 
voked makes the image of the cataract seen by the right 
eye coincide with that of the scale seen by the left, and 
the only thing further required is to make the correction 
necessary to neutralise the enlargement produced by the 
* Ibid., Band xitxvii., Ab. 4, S. 26. 



Formation of Zonular Cataracts. 



Table II. — Showing direct measurements of the Transverss 
Diameters of the Opaque Areas -in Ten Zonular Catar- 
acts, with Dub's measurements in ten cases. 



Beselin . . 
Lawford (r) . 
Lawford (a) . 
Lawford (3} . 



Schin 



;i(i) 



Schirmer (2) 
Schirmer (3) 
Collinafi) . 
Collins (2) . 
Collins (3) . 



S. 5-2 
■o. 5-6 



measurements that the zone of opacity in zonular catar- 
act is probably never larger than the lens at birth, that 
it may be about the size of it at that time, but is more 
often smaller, and sometimes very much smaller. The 
direct measurements differ shghtly from Dub's and show 
a greater variety in size, in three the zone being larger 
than his largest, and in three smaller than his smallest. 
In the smallest there is so much difference between the 
size of the zone, and that of the lens at birth, that I think 
it hardly possible to believe that the opaque area was the 
extreme cortex at the time of birth, and that the diminu- 
tion in size is the result of shrinking. We must, then, 
either conclude that zonular cataract may be produced 
' before birth or that the part affected, at the time the 
I change occurs, is not the most peripheral, as has gener- 
I ally been supposed. 

It is, I think, conceivable that as the result of some 
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ciated with the former is, as Mr. Hutchinson pointed 
out, quite different from the notched screwdriver condi- 
tion found in the latter disease. Mr. Hutchinson* differs 
from Horner, who attributes zonular cataract and defect of 
the enamel of the teeth to rickets ; he considers the latter 
more probably due to a stomatitis from the administra- 
tion of mercurial powders given for fits. He says : " In 
reference to the suggestion of the Zurich investigators 
that the peculiarities of the teeth, in the skull bones and 
in the general development, are all due to rickets, I must 
be allowed to say that it is as yet wholly unproved. I 
am not aware that any author has described what are so 
freely spoken of as "rachitic teeth," if that term be ap- 
plied, as it is by Dr. Davidson, to the permanent set. 
Professor Vogel of Dorpat, in reference to the effects of 

[ rickets on the teeth, says that, " as the disease disappears 

\ before the second dentition commences, these phenomena 
are not observed in the permanent teeth." Yet it is upon 
the state of the permanent teeth almost solely that the 
diagnosis of rickets in the Zurich clinique is based ; for 
in only four per cent, did Professor Horner find evidence 
of rachitic malformation in the extremities. The irregu- 
lar formation of the skull, defects in symmetry of the 
fece, and mental peculiarities when present are perhaps 
quite as easily explained by reference to the attacks of 

1 convulsions as by the hypothesis of rickets." 

Though, as Mr. Hutchinson says, it is not proved 
that rickets affects the permanent teeth, still it is very 
possible that it may do so. The germ of all the enamel 
organs of the permanent set are present at birth, and 

^just those teeth which are most frequently affected — 
* " Bril. Med. Jout.," vol. i., p. 308. 



the lens which are undoubtedly so, and with regard to 
these I have a few observations to record. 

The following is a case which demonstrates a point of 
considerable practical importance in connection with 
operations for congenital cataract. An infant four weeks 
old was brought by his mother to the hospital because 
she noticed a white appearance in his right eye. On 
examination a greyish white opacity with a somewhat 
metallic lustre was seen apparently behind the lens, fine 
blood-vessels coursed over it, and in the centre was a 
small, dark, round, slightly depressed spot. The lens in 
front of the opacity was quite clear, and a red reflex could 
be obtained round the extreme margin of the opacity in 
all directions. The diagnosis seemed to lie between 
glioma of the retina and a congenital membrane behind 
the lens with a persistent hyaloid artery. It was decided 
not to advise any immediate operation, but to keep the 
case under observation. Four months later the whole 
lens had become of a milky white colour, and the opacity 
originally seen behind the lens was no longer visible. 
The anterior chamber was shallower than it had been but 
the tension was normal. 

The symptoms now exhibited seemed to indicate some- 
thing of a progressive nature. The probabilities of the 
case being one of ghoma were thought to be such, as to 
make it advisable that the eye should be removed and it 
was accordingly excised. 

Pathological examination of the eye showed that the 
opacity first seen was due to a white membrane behind 
the posterior capsule of the lens, which was composed of 
a dense mass of fibres and cells ; there were a few small 
blood-vessels in it derived from a persistent and patent 
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hyaloid artery. All the ciliary processes were adherent 
to this membrane, being directed towards the posterior 
surface of the lens and not to its sides. 

Supposing in this case the lens had become opaque 
before birth instead of shortly after, or that it had 
become opaque before the patient was brought for ex- 
amination. Then it would have been diagnosed as 
one of congenital cataract and a discission operation 
would have been performed. The lens matter liberated 
to the action of the aqueous humour would have be- 
come absorbed, but still a dense opacity would have re- 
mained, viz., the fibrous membrane in the anterior part 
of the vitreous immediately behind the posterior capsule 
of the lens. No amount of needling would have caused 
any absorption of it, and very probably the surgeon would 
have been tempted to have withdrawn the membrane 
from the eye with forceps; which seeing that it was 
adherent to, and practically part of, the vitreous, must 
necessarily have led to a considerable escape of that 
humour. 

It is well known that in many of the cases of un- 
doubted congenital cataract, the lens is shrunken, and 
that after needle operations there remains an opaque and 
often very tough membrane which it is exceedingly diffi- 
cult to deal with. In the light of the above case and of 
others presenting similar characters which I have exa- 
mined, it seems probable that in congenital cataract the 
opacity and ill-development of the lens is secondary to 
the formation of a fibrous membrane behind it, which is 
usually associated with a persistence of the central hya- 
loid artery. Also, that some of the opacities which 
do not yield to the usual operative procedures for soft 



Fibrous Membranes behind the Lens. 



39 



cataxacts, are due to the existence of these fibrous mem- 
branes, the possibility of the presence of which should 
be borne in mind in advising any operation for their 
removal by forceps. 

The next case which I shall briefly relate is somewhat 
similar to the last. The patient when aged nine months 




Fia. S. — Microscopical appearance of a lena wilh a congenial defect at 
[tB postetior pole, (c) points to the caps'ule which is absent for some dis- 
tance posteiiorly, the gap being filled with a mass of nucleated libres. 
{h) points to hemorrhages in the lens substance, in front of the nucleated 

was brought by her parents to the hospital, because they 
had noticed since she was three weeks old a peculiar ap- 
pearance in her right eye. On examination a grey reflex 
was seen at the posterior part of the lens with a large 
haemorrhage on its surface ; the eye was thought to con- 
tain a gliomatous growth of the retina and was accord- 
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ingly excised. Pathological examination revealed at thd 
back of the lens a thick membrane composed of eloogate(£ 
cells and fibres. The hyaline capsule could be traced onB 
each side passing into the membrane, but there i 
wide gap left in its continuity at the posterior pold 
(fig. 8, c). 

In the posterior and outer part of the lens were soma 
collections of red blood corpuscles between the lens fibres 
(fig. 8, h) ; no blood-vessels could be seen in their vicinitj 
or amongst the fibres of the membrane behind the lend 
The central hyaloid artery of the vitreous was 
present, but it is most probable that the hEemorrha) 
into the lens came from some of its branches before i 
disappeared ; the blood gaining access to the lens f.ii 
stance owing to a defect in the development of its ]i' 
terior capsule. 

Hsemorrhages into the lens must necessarily hi 
extremely rare occurrence. Alt says; "Hitmcir! 
cataract has been once examined and described by ' 
He found the lens fibres brown, which colour u:i 
by granular and crj'Stallized blood-pigment >m' 
while their shape was unaltered. The capsul.ir 
cells, too, were filled with the pigment. I( ■. 
ascertained, in this case, whether tht; lin- 
intact or ruptured," 



Mode of Formation of CoNciiv 

BRANES IN THE V'l ' 

It becomes now a ma*'*" "f i-' 
these fibro-cellular 
lens, simulate tl 
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retina, and complicate the treatment of congenital catar- 
act, are produced. 

I may at first state that tissue of a similar fibro-cellular 
character is found congenitally, not only as a membrane 
behind the lens, but also in other parts of the vitreous 
humour, around a central hyaloid artery, or in the neigh- 
bourhood of the foetal cleft. Thus in a microphthalmic eye 
which I examined, I found a considerable band of fibrous 
tissue with small blood-vessels in it stretching between 
the posterior wall of the globe and the back of the lens. 
It was attached posteriorly to the sclerotic just below the 
optic nerve, there being a coloboma of the choroid. The 
lens was situated abnormally far back in the eye ; having 
apparently been held back by the fibrous tissue while the 
other parts of the eye had grown forwards ; the ciliary 
processes becoming very much elongated (fig. 9). 

In a patient aged six weeks, who was brought to the 
hospital because her right eye seemed larger than her 
left, and because a white speck had been noticed in it ; 
the lens was found partly opaque and displaced outwards, 
while behind it was an opaque looking pinkish mass with 
blood-vessels visible on its surface. The mass was 
thought, probably, to be a glionjatous growth of the 
retina, and the eye was excised. Pathological examina- 
tion showed a white membrane i mm. wide stretching 
across the ciliary region behind the lens. Passing back- 
wards from this membrane through the vitreous chamber 
were three white cords, two large and one small ; these 
gave off branches and a transverse band connected the 
two larger ones posteriorly. At the inner and lower part 
of the globe, extending from the margin of the optic disc 
to the equator was a thick lens-shaped mass. This mass 



42 



A naiomy and Pathology of the Eye. 



and the wall of the globe, which seemed continuous, 
measured 4 mm. across ; the retina and choroid in the 
region of the mass could not be traced ; the smaller white 
cord was inserted into the mass. The membrane behind 
the lens, the white cords and the mass attached to the J 




Fio. 9, — Semi-diagrammat c sect on of a microphlhalmic eye with a 
band of fibrous [issue n the v treous atielching fiom the posterioi pole, 
below the optic nerve, to the back of tlie lens, which latter is faeld back hf I 
ii, the anterior parts of the eye having grown forwards, the ciliary procewea 
being much elongated. 

I. Suspensory ligament, r. Rttina. f. Fibrous tissue in vitreous. ^• 
Coloboma of choroid. 

inner wall of the globe, were all composed of a network | 
of closely packed fibres and cells ; some of the latter were 1 
like ordinary leucoc>i:es, others had the nucleus displaced 1 
much to one side like the signet-ring shaped cells of the I 
vitreous. 
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Blood-vessels coursed through the membrane behind 
the lens and the mass at the side of the globe, and each 
white cord had a blood-vessel in the centre of it. 

This abnormal formation of iibro-cellular tissue in the 
vitreous chamber cannot, I think, be the result of changes 
in inflammatory products, because, it is quite unlike what 
is produced in inflammation of the eye later in life ; and 
because the other structures of the eye, in the specimens 
I have examined, show no changes which can be attri- 
buted to past inflammation. It is unlikely that such ex- 
tensive new formations could occur in the vitreous as 
the result of inflammation without some signs of it, past 
or present, in the vascular tunics of the globe, 

The changes in these cases amount to more than a 
mere persistence of fcetal structures which normally dis- 
appear before birth. The membranes met with behind 
the lens are not simply a persistence of the posterior 
fibro- vascular sheath of the lens, which is a thin, delicate 
structure, scarcely more than a fine network of blood- 
vessels. 

The stout thick cords passing through the vitreous, 
though they each contain an artery continuous with that 
of the optic nerve, are more than a simple persistency of 
the cellular sheath which normally surrounds the pos- 
terior part of the central artery of the vitreous. This 
congenital defect is I believe due to some irregular de- 
velopment of the mesoblast tissue, which normally passes 
in at the ocular cleft to form the vitreous humour. 

Hess, who has met with fibrous tissue of a similar 
character in diS'erent parts of the vitreous in microph- 
thalmic eyes, states that he cannot regard it as an in- 
flammatory product, but considers it to be the result of 
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are composed of cells only one layer thick. Scattered 
throughout on the hyaloid membrane at fairly regular 
intervals but widely separated from one another are 
nucleated cells, resembling leucocytes. 

In sections of an eye from a fcetus of the fourth month, 
the posterior fibro-vascular sheath of the lens is more de- 
fined. The granules on the fibrils show up very plainly, 
they stain with logwood or eosine, and are about one 
eighth the size of the nucleus of a cell. Three or four 
granules one after another are sometimes located on the 




— Branching fibres with small round bodie: 
fcetal vilreouB x 300. 



same fibril; the fibrils frequently branch and at the point 
of separation a granule is often met with, occasionally 
there is a star-like arrangement of granules and fibrils 
(fig. 10). 

The space left between the fibrils is filled hy a homo- 
geneous material. 

From a fcetal eye of between the fourth and fifth 
months, I obtained a section across the central artery of 
the vitreous as it emerged from the optic nerve. It is 
seen to be encircled by a distinct cellular sheath which 
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an atypical embryonic den 
dermic layer which % 

In nearly all the cases V 
ing this abnormality, the blootfalfli 
have persisted and remained yttm 
decide whether the abnomiaJ l^aUlM 
ence of the biood-vessels, or wUtA 
result of the abnormally dcv. 

In some of the eyes in \^ i 
behind the lens and in whi. '■ 
patent hyaloid artery, I \' 
venous channel by which 
artery and the membrane, I 
cesses were connected witii 
delicate fibres, like those -i' 
the lens, but I was unablL 
tween the blood-vessels in 
the ciliary body. 



The Development ■ 



In examining the vitremi 
series of human fcetal eyeri 
the youngest specimen, wti'f 
fcetus of about the tenth .'. > 
but a thin layer separahny 
lens from the innur lay' i ■ 
it is bounded by a v m 
mainly composed ui ; . 
with numerous I 
Small blood-yaj 
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very well marked but peculiar fibrous texture not at all 
unlike that of the enamel pulp described by Dr. Todd 
and myself. The fibres join in numerous points, at 
which are minute nuclear granules resembling oil-par- 
ticles, but not soluble in ether." The nature of the 
granules seems to me at present very uncertain, they take 
on a nuclear stain but are many times smaller than the 
nucleus of any cell, and are more the size of a nucleoli 
than of a nucleus. 

I have met with them in the vitreous of adults, but in 
it they do not stain so deeply or form nearly such con- 
spicuous structures as in foetal eyes. 

Their arrangement like beads on a fine thread or as the 
central point of a star-like figure, their size and general 
appearance, all make me think, that it is the persistence 
of some of them which give rise to the musccs volitantes, so 
frequently seen by some persons with perfectly healthy 
eyes on looking at a white cloud. 



Persistence of the Sheath of the Central 
Hyaloid Artery. 

It is quite common to see ophthalmoscopically in 
otherwise perfectly healthy eyes, a tag or membrane of 
grayish-white tissue attached to the optic disc filling up 
the depression which normally exists in the nerve head, 
or protruding somewhat forwards beyond the level of the 
rest of the disc, I have had the opportunity of examin- 
ing microscopically two such membranes, and have found 
them to consist of cells and fibres similar to those which 
form the sheath of the central hyaloid artery, which in 
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these cases has remained persistent though the artery 
itself has become obliterated (fig. 13). 




Pig. 13. — An eyeball the sight of whicli was deGtioyed by ulceration of I 
the cornea. 

Prolonged focwards into the vitreous from the optic oerve is a tag of 
white membrane, which microscopically is seen to be composed of-Gbrea 
ard cells, and which is probably a persistence of the sheath of the central 
hyaloid artery. I 
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Method of Bleaching Sections of the Eve. 



The late Lord Sherbrooke was an albino. During the 
latter part of his life he became affected with cataract, 
and an operation of extraction with iridectomy was per- 
formed on one of his eyes. The surgeon who performed 
the operation brought the piece of iris to the laboratory 
at the Moorfields' Hospital for examination. It was 
thought it might show well the arrangement of the epi- 
thelium on the posterior surface of the iris, which in the 
normal eye is densely pigmented. The specimen was a 
mere fragment, and its preparation was not satisfactory ; 
but its examination suggested to me the possibility of 
depriving sections of the eye of their pigment, and so 
allowing of a more accurate examination of the pigmented 
epithelium. The best way I found to effect this was to 
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place the section from an eye which had been previously 
embedded in celloidin, first, into chlorine water, which 
can be readily made as required by soaking chloride of 
lime in water and filtering, then into water acidulated 
with hydrochloric acid (one minim to one drachm). The 
sections should be passed backwards and forwards be- 
tween these two solutions until the pigment quite dis- 
appears, then after thoroughly washing in several changes 
of water they can be stained with logwood. The mani- 
pulation of the sections requires considerable care, as, 
after exposure for some time to the chlorine and acid, 
they have a great tendency to come to pieces — the sub- 
stance of the cornea peeling off Descemet's membrane, the 
choroid separating from the uveal pigment layer, and so 
forth, in spite of the embedding celloidin. Mr. Griffith 
has recently improved on this method, and has succeeded 
in bleaching portions of the eye en masse. 



Arrangement of the Pigment Epithelium on the 
Back of the Iris. 



A section of the iris which has been bleached shows quite 
distinctly, as I first pointed out in 1890, that there are two 
layers of epithelium on its posterior surface. The anterior 
of these is continuous with the pigmented layer on the 
inner surface of the ciliary body, and the posterior with 
the unpigmented layer or pars ciliaris retinas. At the 
pupillary border of the iris these two layers unite, this 
union corresponding developmentally with the junction 
of the inner and outer layers of the secondary optic 
vesicle. The anterior layer consists of a single row of 
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flattened nucleated cells. The posterior layer is the most 
' deeply pigmented portion of the whole eye and the last 
to lose its pigment in the bleaching process ; the cells in 
it at the root of the iris are elongated and wedge-shaped, 
the bases of the wedges being directed backwards ; the 
result being that the posterior surface of the outermost 
part of the iris has a convoluted outline, the cells being 
arranged in little groups with depressions between them. 
On tracing the iris inwards these depressions become 
much shallower and separated further apart. From about 
its centre to the pupillary border it presents a smooth 
surface, the cells here being of a regular columnar shape. 
Throughout this layer the nuclei of the cells are situated 
in their posterior halves. At the pupillary border the 
cells in the anterior layer are not so flattened and are 
I more quadrate in shape. It is this increase in the size 
' of the cells in the anterior layer which makes the pigment 
on the posterior surface of the iris thicker at the tip than 
in the centre. 



Cysts of Iris due to Separation of its Two Pig- 
ment Epithelial Layers. 



The posterior layer of cells may be termed the pars 
L iridis retinse ; and as in the hinder parts of the eye the 
[two layers of the secondary optic vesicle become separ- 
l ated in detachment of the retina, so in the anterior part 

they may become separated and a space be formed between 
F the two layers of pigment on the back of the iris. Slight 

detachments of this sort are seen frequently in various 
■■pathological states, especially in eyes of youthful patients 
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(fig. 14). It is of more frequent occurrence tban detach- 
ment of the whole of the pigment epithelium from the 
stroma of the iris, for the anterior layer, like the pigmoit 
epithelium in the posterior parts of the eye, has finaf 




Fig. i4.^Small cjst situated between the two layers of pigment epilhc- 
lium on the back of the iris, froin an eye which contained a melanotic | 
SBTCOnia of the ciliary body, and in which the iHe was swolHn 
cedetnatons. 




Fio. 15. — Micioscopical appearance of the anterior half of an eye with a 
cyM sitoated between the two layers of pigment epithelium on the posterior 1 
saiface of the iris. 

c. Cyst. ni. Intiammatory membrane in pupil. /. Lens. r. Detached ] 
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connexions to the mesoblastic structures overlying it. 
An effusion between the two pigment epithelium layers, 
when extensive and localised, will produce a cyst-like 
tumour of the iris (figs. 15 and 16). When not localised, 
extensive and following iritis, with occlusion of the pupil, 
a condition indistinguishable clinically from what is known 




Fia. t6. — Cyst of iris with uveal pigment on its anterior surface. 

as " iris bombd," is produced. The surgeon in perform- 
ing an iridectomy in such a case removes the stroma 
of the iris and anterior layer of pigment, and then is 
probably surprised to find the coloboma still filled up 
with a layer of pigment, the posterior pigment epithelial 
layer. 
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{wdnlogkal 
: to die anterior 
I erf" the 
; oT 
stobe dae to a. 
ghrinfcit»p of tke his^ wludi tmsmes fnsi tbe p g eg s uic of 
its root agatost the p eri f lmy cf the coneau The ^uink- 
ing a&cts the »itenor pait of the ins mocc than tiie 
posterior, cooseqamtty the latto' gets diavn rmmd. It 
ts not nnccmmxxi to find tbe ecticfnoa of die uvea more 
in one part of tbe dr c amfe rence of the popQ than in 
another. In sacb cases die iris is most shmnken wfane 
the ectropion is most maxfced, and where tbe root of die 
iris is most firmly adherent to the periphery of the cornea. 
The shrinking of the iris more in one part than another 
is rendered evident by an eccentric position of the pnpiL 
As the result of these obser\-ations we may formulate the 
following rule, which is of some practical utihty in operat- 
ing for glaucoma — that when in a case of glaucoma th« 
pupil is eccentric, and there is ectropion of the uvea, th« 
iris is likely to be less adherent to the periphery of thi 
cornea, in the position opposite to that to which thi 
|>upil is displaced^ and where the ectropion of the uvei 
is most marked, than elsewhere. This is, therefore, th 
most favourable position in which to do an iridectomy i; 
order to remove the iris up to its extreme periphery. 
Ectropion of the uveal pigment, besides occurring e 
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I the result of glaucoma, is sometimes also a congenital 
condition, and may give rise to a raised pigment nodule 
at the pupillary border. The arrangement of the pigment 
epithelium at the pupillary margin of the iris of a horse is 
very peculiar. 

The pupil of the horse is oval in shape, and projecting 
from its margin on one side is an irregular, nodulated, 
deeply pigmented mass, continuous with the uveal pig- 
ment layers on its posterior surface. In the eyes I have 
dissected this mass measured on an average 8 mm. in 




Fio. 17. — -Section of a horse's itia, showing the prominenl mass o 
I mented epithelial tissue at its pupillary border. 

length, 3 mm. in width, and 3*5 mm. in height. In un- 
bleached sections of it, little can be made out of the ar- 
rangement or shape of the cells of which it is composed. 
It is very cavernous, and blood-vessels are seen coursing 
through it, continued on from those in the stroma of the 
iris (fig. 17). Bleached sections show the mass to be 
made up of flattened epithelial cells, which line and 
form columns between numerous, variously sized, cir- 
cular spaces. 
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Arrangement of the Pigment Epithelium of the 
Ciliary Body in Men and Animals. 

Bleached sections of the human eye show that the pig- 
ment epithehal layer from the optic disc up to the ora 
serrata consists of but a single row of cells. In the 
ciliary body, protruding from this layer towards the ciliary 
muscle, are numerous little processes or down-growths, 
each consisting of a group of cells (Plate I., figs, a and b). 
These down-growths vary in number and shape in differ- 
ent portions of the cihary body. The two parts where they 
are most numerous, are just in front of the ora serrata 
and at the junction of the plicated and non-plicated parts. 
In the plicated part there are but very few of them, and 
those that exist are met with in the recesses between the 
ciliary processes. Most of the down-growths at the junc- 
tion of the plicated and non-plicated portions are pear- 
shaped, the bulbous end of the pear projecting towards 
the ciliary muscle. Those in front of the ora serrata 
project outwards and slightly backwards ; they are shorter 
and broader than the others, and some of them can be 
distinctly seen to consist of two rows of cells. By the 
examination and comparison of a number of bleached 
and unbleached sections of the ciliary region cut on the 
flat, I have been able to distinctly make out that the cells 
of these projecting processes are arranged in rings with 
a centra] lumen. 

I have attempted to make out how far an arrangement 
of the pigment epithelium of the ciliary body similar to 
that which exists in man, is present also in animals. 




I 



DESCRIPTION OF PLATE I. 

Fig, a. Bleached section of the ciliary body of a normal 
eye, showing glands, x 120. 

Fig. b. Glands of the ciliaty body ; bleached section. 
X 300. 
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For this purpose I have cut and bleached sections of 
eyes of the following animals :— pig, ox, rabbit, cat, fox, 
sheep, horse, and chimpanzee. Sections of animals, eyes 
take much longer to bleach than those of the human eye, 
in fact in some I found it impossible to get them com- 
pletely devoid of pigment. The prolonged time which 
they have to remain in the solutions renders them very 
friable. It is not, therefore, at all an easy matter to ob- 
tain good bleached specimens of animals eyes for ex- 
amination. 

The shape and character of the ciliary processes in ani- 
mals vary considerably in the different species. All 
those mentioned, except the chimpanzee, have much 
longer and thinner processes with more numerous and 
complicated folds than are met with in man. The non- 
plicated part, too, in all these animals is much shorter. 
In the rabbit I have been unable to find any arrangement 
of the pigment epithelium corresponding to the down- 
growths met with in man. The cells are arranged 
throughout the ciliary region in this animal in one uni- 
form single row. In the ox, horse and chimpanzee, there 
are certainly down-growths from the pigment epithelial 
layer in the hindermost part of the plicated portion and 
at its junction with the non-plicated part, which are com- 
parable to those I have described in the human eye. 
With regard to the other animals I am unable to make 
any definite statement. 
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Experimental Evidence as to the Source of the 
Aqueous Humour and Nutrient Fluid of the 
Vitreous. 

Many ingenious experiments have during the last few 
years been peri"ormed for the purpose of determining the 
source of the aqueous humour, and of the nutrient fluids 
of the lens and vitreous. That the aqueous was secreted 
by some part of the walls of the posterior chamber seemed 
likely, by its accumulation behind the iris when the pupil 
became closed either by a complete ring of posterior or 
anterior synechise. It seemed improbable that it came 
from the iris, for in cases of aniridia, either congenital or 
traumatic, no alteration in its constituents or in its 
amount was noticed. Deutschmann' excised the iris and 
ciliary body from the eye of a rabbit, and found that the 
secretion of the aqueous was arrested, and that the vitreous 
shrank, Schoeler and Uhthoff.t adopting a method of sub- 
cutaneous injection of a solution of fluorescine originally 
suggested by Ehrlich, found that from four to ten minutes 
after such an injection the coloration could be detected 
coming through the pupil into the anterior chamber. On 
dissection of eyes excised at various periods after subcu- 
taneous injection they found that simultaneously with, or 
immediately after the coloration of the pupil, some of 
the furrows between the ciliary processes were tinged 
with green. These green lines grew narrower in the di- 

• " Archiv fiir Ophthalmologic," Band xx 
f "Jahreabcricht iiiler die Wirksamkeit 
Prof. Schoeler. 
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rection of the equator of the eye, and ended at the pos- 
terior limit of the processes ; there was also a gradual 
coloration of the vitreous body proceeding from the ciliary 
processes and passing backwards. In an eye in which 
the ciliary processes had become atrophied or destroyed 
in consequence of previous cyclitis, no colour entered the 
anterior chamber through the pupil, and on section the 
atrophied processes were almost entirely destitute of 
coloration. These experiments seem to prove that the 
aqueous and nutrient fluid of the vitreous are secreted 
in the ciliary region. They are confirmed by those of 
Leplat* who injected iodide of potassium subcutaneously, 
and after enucleation cut up the frozen eyeballs into 
zones, testing each zone quantitatively for iodine with 
starch. 

In the Archives d'Ophthalmologie for 1891 there ap- 
peared a series of articles by M. Nicati, in which 
he claims to have established on histological, physio- 
logical, and pathological grounds, the existence of a 
glandular apparatus for the elaboration of the aqueous 
I humour. His histological researches refer to rabbits' 
I" eyes, and he speaks of the pars ciliaris retinse as the 
gland of the aqueous humour. 

These experimental researches go to show that it 
is in that part of the eye in which these little tubular 
down-growths of cells exist, that the aqueous humour 
and the fluid which gives nutriment to the vitreous 
are secreted. These are the only fluids which are 
known to be poured into the eye. These tubular down- 
growths open towards its interior, and are only separ- 
ated from the close vascular plexus of the ciliary region 
■ •• Annalea d' Oculist! que,"" vol. xcviii., p. 8g. 
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by a basement membrane. The inference that they are 
glands concerned in the elaboration of the aqueous 
humour and nutrient fluid of the vitreous seems to me 
irresistible. There is do evidence at present to show 
to what extent they are concerned in it ; that they 
are the sole source of these fluids seems improbable, 
from their absence in rabbits' eyes and from the fact that 
epithelium similar to that lining the glands covers the 
rest of the ciliary processes. I first pointed out the , 
existence of these gland-like processes of the pigment 
epithelium of the ciliary body in March, iSgi. Greef,* 
who has since written on the subject, seems to think 
I referred to the recesses between the ciliary processes in 
speaking of glands, but can only have done so by fail- 
ing to have read carefully the description I gave of them. ' 
Mr. Griffithjt in a criticism of my work read before the 
British Medical Association in 1894, agrees that the an- 
terior group of processes are glandular in character, but 
considers that the posterior — those situated in the non- 
plicated portion of the ciliary body, which he finds are not 
always present — are really only rucks in the pigment epi- 
thelial layer due to alterations in the state of contraction of 
the ciliary muscle. The objections to this view of their 
nature are: (i) that when present they are distinctly tubu- 
lar ; (2) that there are no half stages between a distinct 
tube and a single row of cells ; and (3} that I have found 
them present in some and absent in other perfectly 
healthy eyes, hardened and prepared in precisely similar 
vrays, I am at a loss to explain their absence in some 
eyes and presence in others. The anterior group of pear- 

* " Report of Heidelberg Ophthalmoacopical Society," 1B93. 
f " Ophthalmic Review," vol. itiii., p. 847. 
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shaped processes is always present. If they be glands 
we should expect to find them subject to the same 
diseases as secreting tubular glands in other parts of the 
body. We should expect to find them subject to catarrhal 
and suppurative inflammation ; we should expect to find 
overgrowth of them in cases of chronic inflammation ; we 
should expect them to be subject to cystic formation, and 
for them to be the starting points of tumours presenting 
a glandular character, either adenomata or carcinomata. 
I will now proceed to show that these expectations are 
actually fulfilled. 



Catarrhal Inflammation of the Secreting Area 
OF the Ciliary Body. 

The disease, which was originally described by Wardrop 
in 1808 as aquo- capsulitis, and which is now g;enerally 
spoken of as serous iritis, is, I beUeve, primarily catar- 
rhal inflammation of the ciliary body and of these glands. 
The whole course of the disease points, I think, in this 
direction. I would interpret its symptoms as follows : — It 
commences with congestion of the blood-vessels around 
the glands, which manifests itself as circumcorneal injec- 
tion. This is not associated with pain and photophobia, 
which symptoms usually occur in iritis. The secretion 
from the glands becomes augmented, causing increase in 
the aqueous humour and deepening of the anterior cham- 
ber. It also becomes altered in character, more albuminous 
than usual, and contains a few leucocytes, some pigmented 
epithelial cells which have desquamated from the surfaces 
of the glands, and some shreds of fibrin. These formed 
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elements tend to gravitate to the lower part of the an- 
terior chamber and to be deposited on the posterior sur- 
face of the cornea, forming the spots of " keratitis punc- 
tata," some of which are often pigmented, the pigment 
being derived from the desquamated cells above men- 
tioned. Some of the leucoc>'tes also collect in the mesh 
of the ligamentum pectinatum ; this, together with the 
alteration in the character of the fluid, tends to hinder its 
exit from the eye, and, combined with the excessive secre- 
tion, readily leads to increase of tension, which is only 
temporarily relieved by iridectomy or paracentesis. As a 
result of these changes in the composition of the aqueous 
it becomes slightly turbid, which turbidity produces an 
alteration in the colour of the iris. This latter structure 
is not at first affected, and there is no tendency to the for- 
mation of synechitc until in the later stages, when it has 
become secondarily involved. The vitreous is early noticed 
to contain flocculi. The course of the disease, as in all 
catarrhs, is very variable, and there is great tendency to 
relapses. Severe cases end in disorganisation of the 
structures which receive their nutrient fluid from these 
glands. Thus the vitreous shrinks, the lens becomes 
cataractous, and a condition of phthisis bulbi results. 

The histological appearances of sections from eyes af- 
fected with so-called serous iritis are quite in keeping with 
this theory of its pathology. There is some increase in the 
size of the glands, some irregularity and proliferation of 
their epitheUum, enlargement of the blood-vessels in their 
vicinity, and a variable amount of round-celled infiUration 
about them. At the stage in the disease at which eyes 
are usually obtained for histological examination inflam- 
mation is not confined to the ciliary body, but has spread 
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throughout the uveal tract. In the eye of a boy aged nine 
years, in whom the symptoms of this disease followed a 
wound from a knife, which was excised eighteen days 
after the injury, I found considerable cell accumulation 
between the cihary muscle, and the pigment epithelium, 
just in the region where these glands are situated. 

The dotted opacities on the back of the cornea are 
frequently spoken of as " keratitis punctata," a term 
which is of course inappropriate if this theory of 
their formation be correct, for they are not caused 
by an inflammation of the cornea but are deposits of 
inflammatory products on its posterior surface. In 
teased specimens of these deposits, besides round cells, 
pigment epithelial cells similar to those in the tubu- 
lar down-growths of the ciliary body are occasionally 
found. The term " Descemetitis " for the condition in 
which these opacities are found is also inaccurate. I 
have a section of cornea with dotted opacities on 
its posterior surface in which the endothelium lining 
Descemet's membrane can be traced continuous and un- 
altered in front of the accumulations of round cells. 

It is interesting to notice how a supposed analogy be- 
tween the aqueous chamber and the large serous sacs of 
the body, such as the peritoneum and pleura, led to what 
for the patient must have been a very disagreeable form 
of treatment — viz., the internal .administration of the oil 
of turpentine. Wardrop, Jacob of Dublin, and others 
thought the aqueous chamber to be a closed sac lined 
throughout with endothelium ; this of course it is not, 
for posteriorly it communicates through the circumlental 
space with the vitreous, and the anterior surface of the 
lens capsule has no endothelial cells on it. Moreover, 
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the lining membrane on the back of the cornea is unlike 
that of a serous cavity, which consists essentially of a 
layer of endothelial cells with blood-vessels external to 
them. Perhaps the most striking difference between the 
aqueous chamber and the serous sacs is that the former 
is a cavity containing fluid, while the latter in the normal 
state are only potential cavities whose walls are lubricated 
with fluid. Dr. Carmichael of Dublin, relying on this 
supposed analogy and on the apparently beneficial effect 
which turpentine administered internally had on cases of 
peritoneal inflammation, recommended the administration 
of the same drug when the supposed lining serous mem- 
brane of the aqueous chamber was the seat of disease. 
This treatment is still prescribed by some surgeons even 
at the present day. 

Besides the glands and secreting area of the ciliary 
body being primarily affected by a catarrhal inflam- 
mation, they may also become secondarily involved by 
inflammation starting in other structures of the eye; or 
in the course of a general disease in which the uveal 
track is imphcated the cihary body may be the first part 
to be inflamed. In sympathetic ophthalmitis the early 
symptoms are similar to those described as typical of 
" aquo-capsulitis " or " serous iritis." The most striking , 
and constant change revealed by the microscope in eyes 
affected with sympathetic ophthalmitis is the presence of 
groups of round cells scattered throughout the uveal tract. 
It can be easily understood that such an inflammatory 
nodule occurring in the situation of the glands of the 
cihary body would cause the exudation of inflammatory 
products from them, which would be partly carried for- 
wards into the anterior chamber and partly effused into 





DESCRIPTION OF PLATE II. 

Fig. J. Overgrowth of the glands of the ciliary body in a 
cyclitic membrane, x 300. 

Fig. b. Bleached section of a melanotic carcinoma origin- 
atine in the jrland? of the ciliar\- Kxlv. x 500. 
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the vitreous. In eyes affected with sympathetic ophthal- 
mitis I have frequently found nodules of cells of this 
character thus situated. In the same way, should one of 
the nodules of round cells which occur in syphilitic uveitis 
be located in the glandular region of the ciliary body a 
like effusion would be expected and similar symptoms. 
Dots on the back of the cornea, deepening of the anterior 
chamber, and opacities in the vitreous are often met with 
in sj^hiiitic affections of the eye. 



Suppurative and Plastic Inflammation of the 
Secreting Area of the Ciliary Body, 

In suppurative inflammation of the eye it is quite com- 
mon to find purulent infiltrations of the vitreous obviously 
starting from the ciliary body, and pus cells can be traced 
forwards from the latter, between the iris and lens, into 
the anterior chamber, where an accumulation is seen at 
the lower part, constituting a hypopyon. When inflam- 
mation of the cihary body is of a plastic character the 
inflammatory bodies infused into the vitreous organise 
into fibrous tissue, and a band of fibrous tissue forms 
behind the lens across the ciliary region. This is spoken 
of as a cyclitic membrane ; to it the detached retina is 
frequently adherent. In such cases there is often con- 
siderable overgrowth of the pigment epithelium of the 
ciliary body. This overgrowth presents a characteristic 
arrangement of its cells in the form of cylindrical 
gland-Iike tubes (Plate II., fig, a). Just as in chronic 
inflammation of other glandular surfaces hyp.erplasia of 
the glandular structure occurs, so here. I cannot do 
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It is by no means uncommon to meet with cystic 
spaces in the region of ttie ciliary body in eyes affected 
with very different diseases. Many of these spaces are 
due to the detachment of the pars ciHaris retinse from the 
pigment epithelium. Brailey,* writing on this subject, 
says: — "I have found even in the course of my usual 
microscopic examination the pars ciliaris retinas detached 
from the subjacent pigment layer in about 10 per cent, of 
the cases of primary glaucoma. These detachments are 
frequently so localised as to give the appearance of little 
fluid-containing cysts, but sometimes they are of consider- 
able extent. Very similar changes are found in associa- 
tion with the cyclitis which accompanies the disease, 
known clinically as iritis serosa. In this condition, 
however, the cysts contain some corpuscular elements." 
Kuhntt mentions that he has frequently found cysts in 
the ciliary body due to the detachment of the pars ciliaris 
retinae from the pigment epithelium as a senile change 
in eyes which have been altered by atrophic processes. 
Cysts due to the distension of the small tubular glands 
which I have found to exist in the ciliary body, should 
they occur, would differ from those due to the detach- 
ment of the pars ciliaris retinte from the pigment epithe- 
lium in being bounded entirely by pigment cells. I have 
one specimen from an eye which had had cychtis showing 
such cysts, 

■ " Royal London Ophthalmic Hospital Reports," voL Jt., p. 384. 
+ " KlinischCB Monatsblatt," iSSi, p. 48. 
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Alt, in his book entitled " Lectures on the Hiunai 

Eye,"* mentions and pictures what he calls "a tumour- I 
like new formation of pigmented and unpigmented cell 
cylinders, starting from the uveal layer of the ciliary body | 
and neighbouring choroid." The woodcut shows very I 
distinctly tubules lined by epithelial cells, cut transversely J 
and longitudinally. This tumour-like new formation I 
growing in the region where I find these tubular glands, 
I regard as an adenoma. 

Professor Michelt removed the right eye of a woman, J 
aged forty-one years, who had always enjoyed good health, j 
for what was supposed to be a melanotic sarcoma grow- 
ing from the posterior surface of the iris and invading the 
ciliary body. Pathological examination of the eyeball 
showed that the growth, which was gray in colour, sprang 
from the ciliary processes. Microscopically the iris and 
ciliary muscle were seen to be quite free from any patho- 
logical formation, and the growth was found to consist of 
a mesh of connective tissue, in some of the spaces of 
which there were rows of cylindrical cells, arranged, he 
says, so as to present the appearance of a tubular gland. 

He concluded by describing the growth as endothehal 
and epithelial cancer. 

Amongst the specimens preserved in the laboratory 

of the Royal London Ophthalmic Hospital, Moorfields, 

I found an eye removed from a woman aged sixty- 

■ Ibid., p. 123. 

f " Archiv fur Ophihalmologie," B. xxiv., Ab. r, S. 140. 



Adenoma and Carcinoma of Ciliary Body. 6g 



I 



three years, who twenty-five years previously had had 
a severe blow on it from a fist, and two years subse- 
quently had found that it was blind. It gave her no 
trouble until nine weeks previous to enucleation, when 
pain and inflammation set in. Except for the eye trouble 
she was in good health, and continued so for twenty- 
three months after its removal ; since that time she has 
changed her address, and I have been unable to trace 
her. The eye contained a growth which was partially 
deeply pigmented, and sprang from the ciliary processes, 
invading the ciliary muscle and root of the iris. It 
was originally described as a sarcoma which had under- 
gone mucoid degeneration. It was afterwards re-exa- 
mined and shown by Mr. Solly at a meeting of the 
Pathological Society of London on April 15th, 1891, as 
" a melanotic growth from the eye which appeared to be 
epithelial." I have cut some more specimens from this 
tumour and bleached them ; there can be no doubt of the 
epithelial character of the cells (Plate II., fig. b). In 
some parts of the tumour they have undergone colloid 
degeneration : while in others, especially towards its 
base, which is the most pigmented part, they are 
.grouped in parallel columns, cut in various directions, 
This growth I regard as a melanotic glandular car- 
cinoma. As melanotic carcinoma is practically un- 
known in other parts of the body and it is extremely 
unlikely that a primary non-pigmented growth would 
give rise to a secondary deeply pigmented one, and 
as the patient made no complaint of any other growth 
during the two years she was under observation, I think 
there can be no doubt that the tumour was a primary one 
of the ciliary body. 
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In March, 1893, Messrs. Badal and Lagrange* re- 
corded a case which they described as a primary car- 
cinoma of the cihary body. The patient under their 
care was a boy aged eight years. A peculiar appear- 
ance was noticed in his left eye soon after birth. When I 
about five years old it became quite blind, and shortly 
afterwards commenced to enlarge. At the time of ex- 
cision it was injected, there was a staphylomatous con- 
dition in the ciliary region, and by oblique illumination 
a rose-coloured reflex was obtained. A year after ex- 
cision the child was in good health, and there was no 
sign of recurrence. Pathological examination revealed a 
new growth confined to the ciliary region, and consisting 
of two unequal whitish nodules placed alongside each 
other. Microscopically the growth was seen to be com- 
posed of (i) regular tubules with a central lumen lined by 
a single layer of cylindrical epithelium ; (2) similar tubules, 
filled with proliferating epithelial cells ; and (3) collections 
of atypical and deformed epithelial cells grouped and 
separated by thin strands of connective tissue. 

At the December meeting of the Ophthalmological 
Society in 1893 I showed a primary tumour of the ciliary 
body exhibiting glandular structure. It was removed by 
Mr. Rockliffe, who sent it to me for examination. The 
patient was a woman aged twenty-eight years ; for six 
months she had noticed failure of vision in the eye, but 
it had only recently become inflamed and painful. Her 
health otherwise was quite good, and she had no sym- 
ptoms of growths in any other part of the body. On 
section of the tumour the anterior part of it was seen to 
be deeply pigmented ; the posterior part \\'as devoid of 
■ " Archives d'OpthalmoIogie," iSgl, p. J43. 
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pigment. Microscopically, the cells composing the cen- 
tral portions of the growth appeared very degenerate ; 
they were much swollen and their outlines ill-defined. 
The more peripheral parts were less degenerated ; the 
cells here were of epithelial character, and arranged in a 
way suggestive of a glandular structure. 

To sum up, then, I find that there are situated in the 
region which e.\periments have proved to be the part 
from which this aqueous humour and nutrient fluid of 
the vitreous are secreted numerous httle tubular processes 
of epitheUal cells, which I can imagine to be nothing else 
than glands concerned in their elaboration : that the 
nature of these processes has been hidden by their pig 
ment, and is only rendered evident in bleached sections ; 
that these glands and other secreting cells of the ciliary 
body are, like secreting structures elsewhere, subject to 
attacks of catarrhal inflammation, which gives rise to the 
group of symptoms generally included under the term 
" serous iritis " ; that as the result of chronic inflamma- 
tion there may be considerable overgro\vth of their tissue, 
which overgrowth preserves a glandular type; that they 
may become distended into little cysts, and that they 
may be the seat of tumours, either adenoma or glandular 
carcinoma. 
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Implantation of Eyelashes into thk Eye. 

Towards the termination of Shakespeare's play of 
"Richard the Third," the king rushes in shouting the 
well known words, "A horse ! A horse !. n:iy kingdom for 
a horse," he meets Richmond, they fight and Richard is 
slain. That celebrated tragedian the late Barry Sullivan 
was once acting the part of Richard, when Richmond 
during the fight accidentally injured Mr. Sullivan's eye 
with his sword. Mr. Critchett, who has recorded the in- 
cident* saw Mr. Sullivan about six weeks after the acci- 
dent and found that an eyelash had been driven into the 
anterior chamber. 

It might be thought that the implantation of an eye- 
lash into the anterior chamber is a very unusual form of 
accident. A number of cases have, however, been re- 
corded in which it has occurred. 

A punctured wound with such an instrument as a 
rapier or a knife seems the most hkely sort of injury to 
bring it about. 

In a case recorded by Sweiggert as many as six eye- 
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lashes were found in the anterior chamber after a wound 
with a rapier. I liave examined an eye which was 
wounded with a knife in which three eyelashes were im- 
planted through a wound of the cornea three millimeters 
from its margin, into the vitreous chamber. 

When an eyelash has been lying in the eye for a con- 
siderable time, it may become partially surrounded by 
or connected with an epithelial pearl-like tumour, the 
starting point of which seems to be the root -sheath of the 
hair. 

This is what had occurred in a case described by Mr. 
Richardson Cross and myself* and also in those recorded 
by Rockliffet, StoeberJ, Pamard§, Monoyer||, Rothmund, II 
Sweigger,** and Masse.tt That the origin of the growths 
is that suggested was conclusively proved by the last 
named obser\-er, who produced some of a similar cha- 
racter by planting eyelashes into the anterior chamber of 
rabbits' eyes. 

In Rockliffe's, Stoeber's, Pannard's, and Cross's cases one 
eyelash only was carried into the eye and one tumour 
only grew. In Monoyer's case there was one eyelash but 
two tumours, one apparently unconnected with the hair. 

In Rothmund's, Sweigger's, and Masse's cases several 
lashes were seen in the anterior chamber, in the first two 
only two growths appeared, and in the last three; Masse's 

* " TiansRCIiona of the Oph thai mo logical Societj'," vol. xlii., p. 199. 

f " TransactiooH of the Ophthalmological Society," vol. iii., p. 36. 

\ " Klin. Monatsbl. f. Augenheilk.," B. ii., Sept., 1864. 

4 " Annates d'Oculistique," 1. v., p. 157. 

11 " Gaz. MiA. de Slragbourg." 1S72. 

H " Klin. Monatsbl. f. Augenheilk,," B. x., S. i8g. 
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case is of considerable interest because it is the only one 
it which the growth or the eye was not removed. At 
the end of five years one of the tumours is said to have 
grown to the size of a large bean and to have become 
adherent to the cornea, the other two had remained 
stationary as small white points. 

The essential pathological characters of the tumours in 
all the cases would appear to be the same. 

All of them were composed of epithelial cells, and all 
of them presented a white mother of pearl like appear- 
ance on section, due to cholesterine crystals contained in 
them. 

The one I examined microscopically demonstrated well 
that these tumours are essentially cystic, having a lining 
of well developed laminated epithelium, and a semi-solid 
contents of degenerate epithelial cells and fat globules 
(Plate III., figs, a and b). In some of the cases the 
growth has been found free in the anterior chamber and 
in others it has developed in the iris. 



Implantation Epithelial Cysts of the Eye. 

It being proved then, that tumours of the iris may de- 
velop from the root sheath of a hair, when it is im- 
planted together with the hair into the anterior chamber, 
it seemed probable that portions of the surface epithelium 
unconnected with hairs, implanted into the interior of the 
eye might similarly proliferate and develop into cystic 
growths. 

A large majority of the cysts of the iris which are met 
with, occur in eyes in which there have been perforating 
wounds. 




DESCRIPTION OF PLATE III. 

Fig. a. Section of the anterior half of an eye with a cyst 
in the iris, following on the implantation of an 
eyelash into the eye. The square to which (a) 
points, is the part shown in Fig, b more highly 
magnified, x lo. 

Fig. b. X 300. 

A. Contents of cyst. 

B. Epithelial lining of cyst. 

C. Iris. 

D. Lens capsule. 

E. Lens. 
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Mr. Hiilke* suggested in 1867, *'that in some instances, 
perhaps, the cyst may originate out of a portion of 
Descemet's membrane, which may have been torn away 
from the back of the cornea by the penetrating foreign 
body and carried before it into the iris." Cysts of the 
iris which follow wounds of the eye, are as a rule found 
to be lined by laminated epithelium, and it seems more 
probable that it is the surface epithelium which is im- 
planted and which forms the starting point of the cyst, 
rather than the endothelium on Descemet's membrane. 

Massef in 1881 introduced into the anterior chamber 
and grafted on the iris of rabbits' eyes small pieces of con- 
junctiva and skin, and subsequently in 1883 bits removed 
fi-om the surface of the cornea, from these grafts he found 
develop both epitheUal pearl-like tumours and true cysts. 
In the shrunken eye of a man aged 40, which had been 
injured 28 years previously by a "tip-cat," and which was 
excised for recurrent attacks of pain, I found a large 
cavity measuring in its greatest lateral diameter I3 mm. 
and in its greatest antero-posterior diameter ii*5 mm. 
. {Plate IV., fig. a). Microscopical examination of this 
eye showed, the whole of the interior of the cavity to 
be lined by laminated epithelium exactly resembling that 
on the anterior surface of the cornea (Plate IV,, fig. b). 
It also showed near the corneal margin on one side 
a cicatrix leading down to the cyst, embedded in which 
was a second small cyst lined by laminated epithe- 
I lium. The structures in the interior of the globe were 
I barely recognisable. Here and there some remnants of 
I iris tissue could be made out between the cornea and the 
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lining epithelium of the large cyst. The lens was absent. 
The atrophied retina and shrunken remains of the vitreous 
were much displaced backwards. I think that in this 
case there can be little doubt that the cyst was the result 
of implantation of a piece of the surface epithelium into 
the interior of the eye, at the time of the wound 28 years 
previously. The cyst probably commenced in the iris, 
and by its gradual expansion displaced all the structures 
in the interior of the globe. It is, I believe, the largest 
implantation cyst of which a description has been pub- 
lished. 

In July, 1889, Mr. Richardson Cross extracted a catar- 




act with iridectomy, from the left eye of a lady aged 64 ; 
the operation was performed without any complications. 
Three months later the patient with glasses was able to 
see fg and J. 2. Seven months after the operation an 
acute attack of glaucoma set in and the sight rapidly 
failed. The eye was excised one year and eight months 
after the extraction of the cataract. On pathological ex- 
amination of the eye I found a large cyst lined by[^]amin- 
ated epithelium filling the anterior chamber and coloboma 
(figs. 18 and 19). The iris partly embraced the lower margin 
and sides of the cyst and where it was not in contact with 
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the cyst it lay against the posterior surface of the cornea. 
The epithelium from which this cyst originated was im- 
planted probably at the time of the operation. I have 
met with another very similar case, in which the way the 
epithelium was probably carried into the eye is more 
obvious. On the conclusion of the operation the anterior 
chamber was irrigated out with a solution of bin-iodide 
of mercury i in 25,000. A striated haze of the cornea 
followed and persisted. An opaque membrane filling 
the coloboma was subsequently needled, after which the 
eye for a long time remained injected and irritable. The 
vision became reduced to hand reflex, and two years after 
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the extraction of the cataract the eye was excised. A 
cyst was then found lined by laminated epithelium filling 
the anterior chamber. 

Cysts Hned by laminated epithelium are sometimes met 
with in the substance of the cornea as well as in the iris 
and anterior chamber. 

The first of these, I found, was in the eye of a man 
aged 27, who 18 months previous to excision had had a 
wound of it, and of the lower eyehd, from a shot. The 
shot had apparently carried before it into the corneal 
wound portions of the surface epithelium, microscopical 
examination of the scar formed in its track, revealed seve- 
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ral separate clumps of epithelial cells deep in the fibrous 
tissue of the cornea (fig. 20). In the larger patches 
there were spaces in the centre containing a hyaline sub- 
stance, probably the coagulated remains of the fluid con- 
tents of the cyst. 

My next specimen of corneal cyst was in an eye the 
sight of which had been destroyed after extraction of 



\ 
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cataract by the patient vomiting. It was excised twelve 
months after the operation when it had become some- 
what shrunken, in the centre of the cornea was a large 
cavity lined by several layers of epithelial cells (fig. 21). 

In the above two cases the cj-sts were only discovered 
on microscopical examination. In the next case the im- 
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plantation cyst of the cornea had grown to such dimen- 
sions that it was easily visible to the naked eye. The 
boy had run a stick into his eye, wounding the centre of 
the lower half of the cornea, two years and nine months 
previous to its excision. The iris adhered to the cornea 
at the seat of the wound, the tension became increased 
and the lower part of the cornea commenced to bulge 




d. Bowman's membrane, c. Cyst. 

forwards. Two iridectomies were performed with the 
hope of relieving tension but were unsuccessful. The 
prominence of the lower part of the cornea continued to 
increase. 

After removal of the eye a large cyst was found situ- 
ated partly in the cornea and partly in the sclerotic 
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at the lower part (fig. sz). It measured g'$ mm. laterally, 
and 5 mm. antero-posteriorly. 

Microscopical examination showed the cyst to be lined 
by epithelial cells, several layers thick, those towards its 




Fig. 22. — Section of eyeball showing epiihelia] implantation cyst of the 
cornea following a wound with a piece of wood. 

interior being the most flattened and scaly {fig. 23). Here 
and there cells were seen swollen with large globules 
in them, as though undergoine mucoid degeneration. 




FlQ. 33. — Laminated epithelium lining cyst shown in figure 



There was laminated fibrous tissue in front of the cyst 
and behind it. There was a gap in Descemet's mem- 
brane on the posterior surface of the cornea in the region 
of the cyst, where the iris was adherent, and had in its 
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substance a second smaller cyst, also lined by laminated 
epithelium, which was thicker than that in the corneal 
cyst, and exactly resembled the surface epithelium of the 
cornea. 

I will now conclude this record of implantation cysts 
of the eye by mentioning one which I found situated 
between the conjunctiva and sclerotic. It occurred in 
a boy whose eye was removed when he was nine years 
old; when nine months old he had wounded it with a 
screw-driver and it had been blind ever since. A scar 
was seen extending vertically across the inner part of the 
cornea, and there was, what appeared to be, a cystoid 
condition of its lower part just beyond the corneal mar- 
gin. Section of the eye, however, revealed a cyst with 
semi-translucent walls containing a clear watery fluid, 
lying between the conjunctiva and sclerotic, and not 
communicating with the anterior chamber. Microscopi- 
cally the cyst was seen to be lined by laminated epithe- 
lium, and to overlie a band of dense cicatricial tissue 
which passed into the interior of the eye through the 
anterior part of the ciliary body. 

. The contents of implantation cysts in the eye vary. 
In most of mine they were gelatinous or watery. In the 
one which grew around an eyelash, the contents consisted 
of degenerate epithelial cells, cholesterine crystals and fat 
globules. Grafe* has described a case in which the 
cyst was found to contain short hairs and sebaceous 
matter. One recorded by Strawbridget "was lined with 
a layer of squamous epithelial cells, swollen, and in an 
advanced stage of fatty degeneration. These cells were 



" Aichiv tijr Ophthalmologie," B. ili., Ab, 2, 
•• Trans. Amer. Ophth. Soc," 1878, p. 385. 
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free from each other, and were surrounded by granular 
matter, fat, and cholesterine crystals." In Snell's case* 
the contents of the cyst are described as consisting of " a 
number of very large, clear, closely packed cells, like 
fat cells, in which no nucleus was discernible, of choles- 
terine crystals in great numbers, of a large quantity of 
fatty matter, both in the purely granular and oily forms, 
of pigment cells and granules in small quantity, of 
sparsely scattered tesselated epithelium, and of a homo- 
geneous finely granular material," 

This difference in contents probably depends on a 
difference in the character of the epithelium implanted. 
A portion of the epidermis or the root sheath of a hair, 
may give rise to a cyst with sebaceous contents ; while 
a portion of the epithelium of the cornea or conjunctiva 
may give rise to one containing a mucous fluid. 



Endothelial Cysts of the Iris. 

Besides the cysts of the iris due to separation of the 
two layers of pigment on the posterior surface of the 
cornea, and those due to implantation of the surface 
epithelium ; there are others which appear to arise spon- 
taneously, though they may follow on an injury, not 
necessarily a perforating wound. They are distinguished 
from the implantation cysts, by being lined by a single 
layer of endothelial cells, and not by laminated epithelium. 
I have proposed that these should be termed endothelial 
cysis, and the implantation cysts epithelial cysts, because 
the former I believe arise entirely from mesoblastic struc- 
■ ' Ophlh. Hosp. Reports," vol. x., p. 20S. 
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tures, while the latter are produced by implantation of 
epiblastic tissue into subjacent mesoblast. 

In a case of Mr. Nettleship's in which I had the oppor- 
tunity of examining the cyst inicroscopicaily, it had com- 
menced to grow without any apparent cause at the ciliary 
border of the iris, and ten months after it was first 
noticed measured 4*5 mm. in length, and 4 mm. in 
breadth. 

Microscopically it was seen to be situated nearer the 
anterior than the posterior surface of the iris, and was 
lined by a single layer of flattened endothelial cells rest- 
ing on a distinct basement membrane, 

Schmidt-Rimpler* has offered a most reasonable ex- 
planation of the mode of formation of this class of 
cysts : — 

"He considers that such cysts originate in the closure 
of one of the crypts always present in the iris. These 
crypts, according to Fuchs, dip into the iris tissue as 
deeply as the position of the vessels, and from the latter 
the lymph streams pass through them to the anterior 
chamber. These lymph streams have been demonstrated 
by experiments with fluorescin injection in rabbits 
(Schick). Anatomical researches, and especially the 
examination of the anterior surface of the iris by 
Zehender's binocular lens, have shown that these pits 
in the iris are frequently bridged over in front by bands, 
or completely by a thin membrane. In one instance, 
Fuchs observed (microscopically) a fine non-nucleated 
membrane closing the opening of a crypt. 

" It seems legitimate to assume that such a membrane 
might become thickened as a result of disease, and thus 
* " Aicbiv fijr Ophthalmologie," B. xxxv., S. i. 
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the growths appear. Sarcoma in whatever part of the 
body it originates, may occur at any age : glioma of the 
retina on the other hand is confined to childhood, being 
usually noticed during the first two years of hfe and never 
occurring after eleven. 

Secondary growths of sarcoma are more frequently met 
with in the internal organs and especially in the liver, 
than are secondary growths of glioma, the seats of pre- 
dilection of which seem to be the periosteum of the 
cranial or facial bones, the glands about the jaw and the 
brain. 

In about 20 per cent, of the cases of glioma of the 
retina both eyes are affected ; sarcoma occurring in the 
eye is never bilateral. 

Ghoma of the retina is more malignant than sarcoma, 
but recurrence never takes place after three years immun- 
ity from the date of its removal. In a case of sarcoma of 
the choroid, on the other hand, a patient may after the 
removal of the eye, have an interval of ten years of good 
health, and then die with melanotic growths in the liver, 
which being pigmented must necessarily have been 
secondary to that in the choroid. 

Histologically the cells of glioma of the retina differ 
from those of any round-celled sarcoma in having larger 
nuclei, less cell-protoplasm around the nucleus and little 
spicules projecting from them. In glioma of the retina 
there is a much greater tendency for the cells composing 
it to undergo degenerative changes than in a sarcoma. 
This tendency to degeneration is the cause of the 
patchy staining which sections of glioma always display ; 
the nuclei of the surrounding parts staining less readily 
with logwood than the others. The cells in glioma of 
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the retina are always grouped around fatood-vessels, those 
nearest the vessel walls staining the best ; they are 
always round, with the exception of some which are 
occasionally met with arranged in rings one cell thick 
which are cylindrical in shape. None of the cells in 
glioma are ever spindle-shaped. In this again it differs 
from sarcoma, for wherever a round-celled sarcoma occurs 
there also a spindle-celled growth may occasionally be 
met with. 

What may be termed the embryological difference be- 
tween glioma and sarcoma is also very great. All sar- 
comata take origin in tissue which is derived from the 
mesoblastic layer of the blastoderm. The nervous ele- 
ments of the retina and its neuroglia are formed from 
neural epiblast; the blood-vessels of the retina being the 
only parts of it developed from mesoblast. Sections of 
glioma of the retina in its early stages seem to show that 
it starts from the granular layers which are entirely 
epiblastic. 

The resemblance, which exists between embryonic 
retina before its layers are differentiated and glioma- 
tous tissue, suggests that just as sarcoma represents the 
foetal condition of the tissue in which it primarily grows, 
so glioma of the retina represents the foetal condition 
of the retina from which it starts, it being really a growth 
of neural epiblast. 



Development of the Choroid and Origin of the 
Membrane of Bruch. 

In an early stage in the development of the eye the 
mesoblastic tissue which surrounds the secondary opttc 
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vesicle consists of a mass of cells, there being no differen- 
tiation between the sclerotic and choroid coats. Later, 
in the part which is to become choroid the nuclei stain 
deeper and blood-vessels commence to appear. The cells 
of the part, which is to form the sclerotic, are gradually 
lengthened out and differentiated into fibres. The tissue 
between the two coats early becomes spaced out to form 
the lamina supra-choroidea and lamina fusca. The pig- 
ment in the branched cells of the choroid can be detected 
about the seventh month, but does not reach its maxi- 
mum until after birth.* It is exceedingly difficult to de- 
termine the exact date of the commencement of the 
elastic lamina or membrane of Bruch. I have certainly 
been able to make it out as a very thin layer as early as 
the sixth month. Its origin and mode of formation can- 
not be determined by the examination of embryological 
specimens alone. As in the case of the lens capsule, I 
think some valuable suggestions may be drawn with re- 
gard to its origin from a study of some of the patholo- 
gical processes which occur in connexion with it. 

It is exceedingly common to meet in pathological 
specimens of the eye with little nodules of a hyaline 
substance on the inner surface of the elastic lamina, 
which present all the physical characters of that mem- 
brane. These hyaline or colloid bodies were originally 
described as a senile change, but they are met with in 
eyes which have been blind for some time from patients 



'A, Rieke, in the " Archiv fur Ophlhalmologie," B. xxxvii., Ab. i, iSgr 
gives the results of the examination oF several fostal eyes with reference t< 
this point, and in concluaion says, tliat the first sign of the choroidal pig 
ment is not seen till the seventh month, and that great variability exists a: 
to when it makes its appearance. 
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ol any age, and often quite apart from any signs of in- 
flammation. Various opinions have been expressed as to 
their origin ; these may be grouped under three heads, 
viz., (i) that they are thickenings of the hyaline mem- 
brane (Miiller and De Wecker) ; (2) that they are due to 
a hyaline degeneration of the pigment epithelial cells 
lining the elastic lamina (Donders, De Vicenten, and 
Dimmer) ; and (3) that they are an excretion from the 
pigment epithelial cells (Leber and Meyer). A priori, it 
would seem more probable for these hyaline nodules to 
be the product of epithelial cells, rather than outgrowths 
from an inert basement membrane like the elastic lamina. 
Dimmer has pointed out that if they were only thicken- 
ings of the elastic lamina we should expect to find them 
extending outwards towards the choroid as well as in- 
wards towards the retina, which we do not. Their pre- 
sence always on the inner surface of the elastic lamina is 
readily understood if they are regarded as products of 
the pigment epithelium. That they are not outgrowths 
of the elastic lamina seems to me conclusively proved by 
the fact that they may be found where no elastic lamina 
is present. Thus, in a specimen I have examined of a 
microphthalmic eye which had a cyst connected with it, 
ill-developed retina was found lining the cyst, but no 
choroid ; in the retina, however, there were hyaline 
bodies presenting all the characters of those under con- 
sideration. Hess" also found bodies of a similar cha- 
racter in the lining membrane of cystic protrusions of the 
sclerotic, where no choroid was present, in two pigs' 
eyes. That they are the product of epithelial cells I 
think there can be no doubt ; whether they are formed 
• " Archiv fur Ophlhalmologie," Band xxxviii., Ab. 3. 
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within the cells themselves or are an excretion from them 
cannot be so conclusively determined, 

I have bleached several sections of eyes containing 
these hyaline nodules, thinking that when the cells were 
deprived of their pigment it would be easy to detect the 
presence of degenerative changes in them. The cells, 
which are often much flattened, are always outside the 
hyaline nodules, several of them often completely en- 
circling the latter. The usual form of these hyaline or 
colloid bodies is that of little globules, the largest not so 
big as a pin's head. Occasionally, however, on the inner 
surface of the choroid much larger masses are met vnth, 
which are composed of layers of hyaline substance, with 
here and there flattened pigment epithelial cells between 
them. The appearance presented suggests that of nume- 
rous layers of the membrane of Bruch closely packed 
together. Such masses may occasionally be seen oph- 
thalmoscopically as raised white elevations over which 
the retinal vessels course. I have known them diagnosed 
as sarcoma and tubercle of the choroid, the eyeball being 
enucleated accordingly. Their extreme chronicity is 
usually sufficient to distinguish them from these affec- 
tions. Their position between the retina and choroid, 
the disturbance of the pigment epithelial cells around 
them, and the presence of some of these cells between 
the layers, all seem to point to the hyaline substance 
being the product of the pigment epithelium. Now, if 
it is possible for the pigment epithelium under the influ- 
ence of a morbid stimulus, to produce a substance which 
stains and reacts to reagents in precisely a similar way 
to the elastic lamina itself, it is reasonable to suppose 
that tha,t membrane is originally produced from them, 
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just as the hyaline capsule of the lens appears to be the 
product of the cells which line it. Additional evidence 
of this view of the origin of the elastic lamina is afforded 
by a case of cyst connected with a microphthalmic eye 
recorded by Rindfleisch,* in which the lining membrane 
of the cyst consisted of retina with well developed layers, 
pigment epit helium , and an elastic lamina, but no 
choroid. If the elastic lamina is derived from the pig- 
ment epithelium it is epiblastic in origin, and should, 
strictly speaking, be classed as a layer of the retina and 
not of the choroid. 

Extra-Papillary Colobomata. 

The choroid in places sonnetimes fails to develop, i.e., 
the mesobiastic tissue which surrounds the secondary 
optic vesicle fails to become differentiated into choroid 
and sclerotic. The inner layers fail to become vascular- 
ised or only a few large vessels form. It would seem that 
when this failure in vascularis ation occurs, the outer layer 
of the secondary optic vesicle in the part non-vascularised 
does not become pigmented, and at the margin of the 
patch there is often an excess of pigmentation. These 
patches of failure in the differentiation of the choroid give 
rise to what are known as colobomata. They occur, of 
course, most frequently in the region of the fcetal ocular 
cleft, but may be met with, as pointed out by Lindsay 
Johnsont, in any part of the fundus, 

' Ibid., Band xxxvii., Ab. 3, p. 192. 

f " Acchives of Ophthalmology," vol. xix. 
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Cases of Glaucoma in which the Increase of Ten- 
sion IS Difficult to Explain. 

The pathology of glaucoma may not inaptly be compared 
to a large child's puzzle with many pieces of various and 
irregular shapes. Its framework has by the united efforts 
of many earnest workers been pieced together. Several 
important centre pieces, however, have yet to be added 
to make the picture complete. Some of these have prob- 
ably been placed wrongly ; every additional bit, however 
small, rightly inserted may, by forming some fresh curve 
or notch, suggest how the centre pieces should lie. I 
propose now to deal with some of these small bits, the 
shape and situation of which I have carefully studied. 
Of all the theories which have been put forward to ex- 
plain the increase of tension in glaucoma, that which 
attributes it to the obstruction to the exit of the aqueous 
humour from the eye, and which has been so ably ex- 
pounded and supported by Mr. Priestley Smith, is the 
most fascinating and apparently explains best the pheno- 
mena met with. There are, however, several classes of 
cases which at first seem to offer considerable difBculties 
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to its acceptance. If these at first sight exceptional 
cases can be shown really to be consistent with it, then 
great additional support will be afforded to the theory. 
These classes of glaucoma with which I now propose to 
deal are — (i) glaucoma occurring in eyes in which purt or 
the whole of the iris is apparently congenitaily absent; 
(2) congenital glaucoma, otherwise known as buphthnU 
mos or hydrophthalmos ; (3) glaucoma occurring after 
extraction of cataract ; (4) glaucoma in cases in which 
the whole iris has escaped through a wound — i.e., cnBea of 
traumatic aniridia; and (5) cases of primary glaucoma in 
which the operation of iridectomy has been preforiiioil 
and in which the tension has returned. 



The Development of the Iris. 
For the consideration of the first two of these classen 
it is necessary to refer to the development of thn irin, 
Before the iris is formed there exists between the poslc- 
rior surface of the cornea and the anterior cupaulo nf {\w 
lens, the anterior portion of the fibro-vascular ahouth. 
This receives its blood-supply partly from the citiftry 
arteries and partly from those in the posterior flhni. 
vascular sheath, which is prolonged forwarcls anninil thp 
sides of the lens to join it. The anterior flbro-vuHCillftr 
sheath is developed by a differentiation and \'a«eiilfti'. 
isation of the posterior part of the mcsohliml whluh 
grows in to separate the cuticular epiblast from the lonN i 
the more anterior portion of this meaoblaiit devctitplnjl 
into the substantia propria of the cornea and i)cHCtiitifft'« 
membrane. The cornea, anterior fibro- vascular slioiith 
and lens lie, then, at one time in close contact with ono 
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another. Until the separation occurs of the anterior J 
fibro-vascular sheath from the back of Descemet's mem- 
brane there is not even a potential anterior chamber. 
The iris, as it grows out of the cihary body, consists of 
some mesobiastic cells and of the two layers of the 
secondary optic vesicle, the posterior of which is at first 
only shghtly pigmented. It has to insinuate itself be- 
tween the cornea and the anterior fibro-vascular sheath 
on the one side, and the lens on the other, pushing the 
prolongation from the posterior fibro-vascular sheath in 
front of it. The anterior fibro-vascular sheath, when the 
iris has grown in, becomes raised from the surface of the 
lens capsule, and forms the pupillary membrane, which 
subsequently disappears as far as the small circle or 
corona of the iris. Tags of it when persistent can be 
seen proceeding from the toothed edge of this corona. 

Glaucoma and Cokgenital Absence of Iris. 

It is not at first evident, if primary glaucoma is due to 
an obstruction to the exit of the aqueous humour from 
the eye by the apposition of the root of the iris to the 
periphery of the cornea, how, when the iris is apparently 
absent in part of or in its entire circumference, glaucoma 
<:an develop. 

I have been fortunate in having three specimens which 
help to explain these cases, for two of which I am 
indebted to Mr. Nettleship. The first is from the patient 
I have already referred to in speaking of anterior polar 
cataract, who had apparent complete congenital absence 
of both irides. The second is from the mother of this 
patient, who also had apparent complete congenital 
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absence of both irides, and in one eye a leucomatous 
staphylomatous cornea, with increased tension, secondary 
to ulceration of the cornea. The third was from a man 
aged thirty-six years, who had congenital coloboma of 
the iris outwards and absolute primary glaucoma. In the 
first case, though no iris could be detected clinically, on 
peeling off the sclerotic and cornea a small rudimentary 
iris was exposed in its entire circumference ; it was 
broadest on the outer side, where it measured 2 mm. 
in length, above it measured 0*75 mm., it was slightly 




Fig. 26. — Anterior half of the right eye of a patient with apparent aniridia 
from which the cornea and sclerotic have been removed, exposing a rudi- 
mentary iris, tags of pupillary membrane, lens with an anterior polar 
opacity, and fibres of the suspensory ligament. 

broader above than below, and was narrowest of all on 
the inner side (fig. 26). In removing the cornea it was 
noticed that the iris was abnormally adherent at its peri- 
phery. Throughout the entire circumference of this 
rudimentary iris the uveal pigment showed at what cor- 
responded to its pupillary border. Some delicate tags, 
remnants of the pupillary membrane, could be seen pass- 
ing from the anterior surface of the iris to the lens 
capsule. 
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Of the left eye microscopical sections were made ; in 
these the cornea appears perfectly healthy. The ciliary 
body on each side of the section is seen to end in the 
rudimentary iris, above measuring i mm., but much 
smaller below; the whole of the iris tissue appears 
more condensed than usual (Plate IV., fig. c). Above, 
the free margin extends just beyond a line drawn back- 
wards on a level with the termination of Bowman's 
membrane. This line corresponds to the apparent 
sclero-corneal margin clinically, the real corneal mar- 
gin being an obUque line extending posteriorly, to the 
angle of the chamber. Below, the tip of the iris does 
not extend beyond the termination of Descemet's mem- 
brane in the ligamentum pectinatum. A small rudi- 
ment of the sphincter muscle is distinguishable in the 
upper part of the iris, but not below. The uveal pigment 
ends on both sides in a double fold ; above, it extends a 
short distance beyond the stroma. One section shows a 
tag of membrane prolonged from the anterior surface and 
floating free, a remnant of the pupillary membrane. In 
some sections delicate bands of adhesion are seen to pass 
from the anterior surface of the iris to the ligamentum 
pectinatum ; these do not, however, go up into the ex- 
treme periphery of the anterior chamber. In this case, 
then, though clinically apparently no iris was present, 
there was really a rudimentary one, which if pushed for- 
wards, would be quite sufficient to block the whole of the 
posterior surface of the ligamentum pectinatum. Owing 
to the obliquity of the sclero-corneal margin the periphery 
of the iris is hid from view, and when it is very small, as 
in this case, none of it may be visible. 

In the left eye of the second case, the mother of the 



DESCRIPTION OF PLATE IV. 

Fig. a. Section of a shrunken eyeball showing the extent 
of a large epithelial implantation cyst in its 
interior. 

Fig, 6. The lining laminated epithelium of the cyst shown 
in Fig, a. 

Fig. c. Section of an eye, showing a rudimentary iris, in 
which clinically no iris was visible. A persistent 
tag of pupillary membrane is attached to the tip 
of the iris, and an adhesion stretches between its 
root and the ligamentum pectinatum. 

Fig. d. Section of an eye which had congenital coloboma 
of iris and lens, and in which glaucoma occurred. 
The iris is seen to be absent, but the filtration 
area of cornea is blocked by a fold in which the 
ciliary body terminates ; the ciliary processes 
slope backwards. 
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first, there was increased tension ; a rudimentary iris, 
similar to that in her daughter, had become pushed for- 
wards into contact with the periphery of the cornea and 
was intimately adherent to it (Plate V., fig. a). Why 
it should have become thus pressed forwards from a 
perforating ulcer of the cornea was not evident ; pos- 
sibly the extensive hccmorrhage which there had been 
between the choroid and sclerotic may have had some 
thing to do with it. In the third case, the one 
with congenital coloboma of the iris outwards and 
[■ primary glaucoma, the ciliary body in the region of the 
^ coloboma ends in a rounded knob, which is in contact 
with the back of the cornea (Plate IV., fig. d). The 
termination of this knob, however, does not reach as far 
as the end of Descemet's membrane, so that the whole 
of the posterior surface of the ligamentum pectinatum 
is not blocked by it. The uveal pigment on the back of 
this knob-hke termination of the ciliary body is com- 
posed of two layers united at the tip, the posterior being 
much thicker than the anterior. 

Just where these end on the posterior surface of the 
ligamentum pectinatum there is a little accumulation of 
fibres and cells ; from it the endothelial lining of 
Descemet's membrane passes inwards, and a layer of 
cells outwards beneath the pigment on the termination 
of the ciliary body ; this layer of cells may possibly be a 
persistence of the prolongation forwards from the poste- 
rior fibro-vascular sheath which joins the anterior. From 
the arrangement of this knob at the termination of the 
ciliary body, with a layer of unpigmented cells behind it, 
I should think that it had never become separated from 
\ the cornea rather than that it had recently become pushed 
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forwards into contact with it; so that probably there had 
always been obstruction to the exit of flnids in this situa- 
tion, and the onset of the glaucoma was determined by 
the root of the iris in the rest of its circumference be- J 
coming displaced forwards. In a case like this, then, J 
there would be a congenital predisposition to glaucoma^! 
In the first case, althougli no increase of tension was evei 
established, there would seem to have been a predisposi-B 
tion to it, for, as I have said, tags of adhesion, not suf5- 1 
cient to block the angle of the chamber, passed across J 
between the rudimentary iris and the ligamentum pec-1 
tinatum. 

Several cases have now been published in which;| 
the iris was entirely or in part absent, and in whicfe 
the eye became glaucomatous. Brailey* showed at thffl 
Ophthalmological Society a girl eighteen years of : 
with double microphthalmos and glaucoma ; the iris wasi 
absent in her right eye except for a narrow crescentic 1 
piece on the inner side which occupied about two-fifths of 
the circle, and absent in the left except for three small 
isolated bits, also on the nasal side. Armaignact reports 
a case of glaucoma secondary to dislocation of the lens in 
a patient with nearly complete aniridia. 

I recorded in the " Ophthalmic Review,"! i8gi, the 
notes of a patient under the care of Mr. Tay who had 
apparent complete absence of the irides in both eyes and 
increased tension of both. De Schweinitz§ read before 
the American Ophthalmological Society the description 

• " Tranaaclions of the Ophthalmological Society," vol. x., p. j 
f " MeinoireB et Observations d' Ophthalmologic Pratique," p. i 
+ Vol. X., p. lol. 
5 " Tranaaclions of the American Ophthalmological Society,'' 
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of a case with coloboma of the iris, polycoria, and primary 
glaucoma in a woman aged fifty-two years. 

There is a practical point in connexion with these cases 
which follows as the outcome of my ob sen,- at ions- — that 
is, that the apparent complete congenital absence of the 
iris or the presence of a congenital coloboma of the iris, 
does not diminish the likelihood of relief of tension being 
obtained by a sclerotomy in the former case, or an iridec- 
tomy in the latter. 

It is but seldom that an opportunity offers itself 
for the microscopical examination of an eyeball with 
apparent aniridia. I have only been able to dis- 
cover two in which the result of such an examination 
is recorded. H. Pagenstecher* in 1871 was the first to 
give a description of the microscopical characters of a 
case of irideremia. In his case the cihary body ended 
in the region of the ligamentum pectinatum in a small, 
pointed, pigmented, and vascular process ; and a pro- 
longation of Descemet's membrane with the endothelium 
lining it passed beneath this process to the ciliary body. 
G. Rindfleischt has given an excellent microscopical 
description of a case, together with a resume of the litera- 
ture of the subject. His case was that of a woman 
aged fifty-one years, who presented the typical sym- 
ptoms of irideremia in both eyes. She had nystagmus, 
some amblyopia, and some opacities of the cornete and 
lenses, the latter being displaced upwards. Microscopi- 
cally he found, considerable encroachment of the epi- 
scleral tissue on the cornea, some hyaline excresences on 
Bowman's membrane, and a triradiate deposit of pigment 
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on Descemet's membrane. At the lower sclero-comeal i 
margin there was the scar of a perforation. A rudimen- 
tary iris was present, but its sphincter muscle was com- 
pletely absent. It was closely approximated to the ' 
cornea, the angle of the chamber appearing pointed. 
The ciliary body was badly developed, and its processes 
were directed backwards. 

Manz suggested that the arrest in the development 
of the iris in cases of aniridia is due to the contact 
of lens and cornea mechanically preventing its growth 
inwards. Rindfleisch agrees with Manz, and attri- 
butes the contact of lens and cornea in his case to 
intra-uterine inilammationj beginning in the choroid, 
extending forwards, and causing perforation near the 
sclero- corneal margin with escape of aqueous. In my 
specimens no sign of a perforation is to be seen either 
in this region or in the cornea. The sclero-corneal 
margin is a very unusual position for a perforation 
to occur in, and it seems unlikely that a bilateral affec- 
tion, as irideremia usually is, would be caused in this 
way. It is, moreover, unnecessary to have a perforation 
for the lens to come in contact with the cornea, for at 
the time the iris is developing these structures are in 
apposition, the anterior fibro-vascular sheath alone inter- 
vening; there is, then, no anterior chamber or aqueous. 
We have only to imagine an abnormal adhesion or late 
separation of these structures to understand how the iris 
may be prevented from growing in. The adhesions be- 
tween the front of the rudimentary iris and the liga- 
mentum pectinatum, the folded condition of the uveal 
pigment at tip of the iris, and the presence of an anterior 
polar cataract in the case I have examined, are all in 
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keeping with such a theory. If arrest of development of 
the whole iris can be explained in this way it follows that, 
supposing the late separation or abnormal adhesion of 
lens and cornea to be localised, a localised arrest of 
development of the iris would be occasioned. In this 
way might be explained cases in which a coloboma of the 
iris is situated in a position in which it is inconceivable 
that the fcetal cleft could ever have existed, and also the 
rare cases in which two colobomata of the iris have been 
seen to exist in the same eye. 



Congenital Anterior Synechia of the Pupillary 
Membrane and Iris. 

The anterior fibro-vascular sheath is, as I have said 
developed from the posterior part of the mesoblast, which 
grows in to separate the lens from the cuticular epiblast, 
the anterior part forming the cornea. It can be easily 
understood that a portion of the anterior fibro-vascular 
sheath might remain after birth adherent to the cornea. 
The iris grows beneath the peripheral portion of the an- 
terior fibro-vascular sheath, which comes to form its 
anterior layer ; an adhesion of the anterior fibro-vascular 
' sheath in this region to the back of the cornea would 
form an anterior synechia of the iris. The central por- 
tion of the anterior fibro-vascular sheath forms the pu- 
pillary membrane, which usually disappears before birth ; 
occasionally a portion of it persists, and may be attached 
to the back of the cornea. Cases of adhesion of persis- 
tent pupillary membranes to the back of the cornea have 
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been recorded by Beck,* Samel so n,t Makrocki,J and 
Zinn,§ In these cases there seems to have been a possi- 
bility that the adhesions were caused by intra-uterine 
perforation of the cornea. I have a specimen of this 
sort in which no such possibiHty was at all likely. It 
occurred in an eye to which I have already referred. In 
it the central arterj' of the vitreous was persistent and 
patent, ending behind the lens in a fibro-cellular mem- 
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brane, which was seen through the lens as a grey reflex, 
which led to the diagnosis of glioma of the retina, and 
excision of the globe. The cornea in this eye was quite 
clear and microscopically appeared perfectly healthy, but 
adherent to its posterior surface was a large piece of a 
persistent pupillary membrane, and also the pupillary 
border of the iris (fig. 27). 

' " Ammon's ZeitBchrit," Band i. , Hefl:. i. 

+ " Centralblatt fiii Augenheilkunde," 1880, S. 215. 

J " Archiv fiir Augenheilkunde," Band xiv., S. 83. 

§ " Kiinische? Monatsbla" fiir Augenheilkunde," Band x]£vi(i., S, ago. 
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The case already quoted, in which the iris appeared 
chnically to be absent, but where really a rudimentary 
one was present from the anterior surface of which 
adhesions passed to the ligamentum pectinatum, is 
another example of congenital anterior synechise of 
the iris (Plate IV., fig. c). I have met with two 
others. In one the adhesions were situated rather 
nearer the periphery of the iris than its pupillary mar- 
gin in its outer half; they were about twelve in num- 
ber, and appeared as little whitish elevations of the 
iris tissue coming forwards to the back of the cornea, 
which latter was perfectly clear. In this eye, besides the 
anterior synechitc, there were some slit-like openings 
right through the substance of the iris, just external to 
the sphincter muscle. The other case was that of a girl 
aged seven years, whose mother stated she had noticed 
that the girl's right eye when she was born was larger 
than the left, that it had a slight cast, and since then 
that it had gradually increased in size. At the time of 
excision it appeared about as large again as the left. 
The cornea measured I2'5 mm. across, it was quite 
clear, and the iris at the upper part was adherent to it, 
elsewhere being in its normal position. The eye had no 
perception of light and its tension was increased. Micro- 
scopically the laminfe of the cornea everywhere appear 
normal. Bowman's membrane in the region of the 
anterior synechia is replaced by fibrous tissue and 
Descemet's membrane is thickened. The endothelium 
lining the latter membrane turns round at the edge of 
the synechia to the anterior surface of the iris. The 
periphery of the iris is verj' thin and on both sides of the 
section is intimately adherent to the cornea. There are 
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also some posterior synechia, but no round-celled infiltr; 
tion in any part of the uveal tract. In this last case it 
would appear, that the portion of the anterior fibro- 
vascular sheath which becomes incorporated with the iris, 
had not only failed to separate from the back of the 
cornea in the region of the pupil, but also at its extreme 
periphery, so that there was a congenital block to the exit 
of the aqueous humour, which gave rise to an increased 
tension and expansion of the elastic tunics of the child's 
eye. 

Congenital Glaucoma or Buphthalmos. 

Failure in the separation of the iris from the back 
of the cornea at its extreme periphery might occur 
unassociated with anterior synechice elsewhere; such a 
condition of things would offer an easy explanation of 
cases of congenital glaucoma known under the names of 
"hydrophthalmos" and "buphthalmos." In an eye from 
a case of this sort sent to me by Mr. Papillon I have 
found extensive peripheral adhesion of the root of the iris 
to the cornea. The patient from whom it was removed 
was a boy aged fourteen years. When he was six weeks 
old his medical man first noticed his left eye to be larger 
than his right ; it had gradually increased in size since 
then. The cornea at the time of excision measured 
15 mm. across, 

I have examined microscopically several other eyes 
affected with congenital glaucoma in which the opera- 
tion of iridectomy had been unsuccessfully performed, 
and in all these the angle of the anterior chamber 
was ciosed by adhesion of the root of the iris to the 
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cornea, both in the region of the coloboma and elsewhere. 
The anterior chamber in cases of congenital glaucoma is 
usually abnormally deep, and I should hke to point out 
that it is quite possible to have a deep anterior chamber 
and at the same time for its angle to be closed, the iris 
being considerably bent at the point where the adhesion 
ceases. In an eye in which the primary obstruction to 
the circulation of the intra-ocular fluid occurred at the 
angle of the anterior chamber, the fluid would be expected 
to collect in the anterior chamber and distend it. If, 
however, the primary seat of obstruction was further 
back, at the circumlental space, as it probably is in the 
primary glaucoma of adults, then the accumulation of 
fluid would occur in the vitreous chamber, which would 
be enlarged and the anterior chamber shallowed. I think 
the difference in -the condition of the anterior chamber in 
the primary glaucoma of adults and in that of children 
can be thus explained, by a difference in the seat of 
primary obstruction. 

Cases of buphthalmos or congenital glaucoma some- 
limes go on to a spontaneous cure. Thus a child may be 
born with increased tension of the'eye which may as the 
result of the tension expand to a certain size; then the 
tension may become normal, and, though the eye remains 
large and the sight defective, still no further enlargement 
or deterioration of vision occurs. I have sections of 
the eye of one such case, which was excised when the 
child was four years old on account of pain following a 
blow. In them the iris is much displaced backwards and 
the angle of the chamber is open, but stretching across 
from the ligamentum pectinatum to the root of the iris, 
fine delicate fibrils are seen. The appearances suggest 
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that originally congenital adhesions existed between 
the root of the iris and cornea, which checked the 
exit of aqueous humour from the eye, and that as this 
accumulated in the anterior chamber and distended it 
these adhesions became stretched, some of them giving 
way, so that ultimately normal tension became estab- 
lished. 
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Glaucoma after Extraction of Cataract. 



Glaucoma coming on after extraction of cataract is a 
subject which presents many points of interest, not only 
to the pathologist, but also to the practical surgeon. In 
1888, I published the clinical history of four such cases, 
and in 1890, I read before the Ophthalmological Society 
a paper based on the pathological examination of ten 
eyes in which sight had been destroyed by increased 
tension supervening on extraction. Since then I have ex- 
amined pathologically eleven more eyes similarly affected. 
From the commencement of 1885 to the middle of i88g 
there were extracted at the Royal London Ophthalmic 
Hospital, Moorfields, 1405 senile cataracts ; in nine of 
which cases the eye was subsequently lost from the re- 
sults of increased tension, giving an average of 0*64 per 
cent. It can be easily understood that the fact of the 
lens and a portion of the iris being absent would not 
materially affect the course of a serous cyclitis. Suppos- 
ing such an attack to occur in an aphakic eye, there 
would be the same tendency to the accumulation of cells 
in the mesh of the ligamentum pectinatum as the fluid 
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containing them filtered through it, and there would be 
the same excess of fluid thrown into the eye. There 
would be the same increase in the albumen in the flaid, 
which hinders its power of diEFiision through animal 
membranes. I have found many cases of increased ten- 
sion after extraction to be due to the onset of such inflam- 
matory trouble ; it is not these I particularly wish to deal 
with now, but those cases in which the operation appar- 
ently goes perfectly smoothly and in which the wound 
heals well, the eye recovering from the operation without 
any or with only slight inflammation, and in which in- 
crease of tension subsequently ensues. In such cases 
there can be no obstruction of the circumlental space, for 
the lens is absent ; the pupil is not blocked and it might 
be imagined that, as iridectomy had been done, the angle 
of the anterior chamber in the region of the coloboma 
would be open. In these cases the time at which the in- 
crease of tension comes on after the extraction varies. It 
may be noted as soon as the wound is sufficiently healed 
to permit of its estimation, or it may not occur untU a 
) year or more after. Often the operation of discission 
seems the exciting cause of the glaucomatous attack. 
How can all these cases be explained ? From the exam- 
ination of my specimens I believe as follows : — In all eyes 
in which glaucoma comes on after extraction of cataract 
there is adhesion to, or entanglement of the lens cap- 
sule in, the extraction scar (Plate V., fig. b, and fig. 28), 
This adhesion or entanglement holds the root of the 
iris, or the anterior of the ciliary processes if the iris 
has been removed up to the periphery, into close con- 
tact with the back of the cornea in the region of 
the coloboma, and so keeps the angle of the cham- 



DESCRIPTION OF PLATE V. 

Fig. a. Section of an eye supposed to have congenital 
aniridia and in which increase of tension came 
on, the angle of the anterior chamber is shown 
to be blocked by a rudimentary iris. The ciliary 
body has become somewhat detached from the 
sclerotic in the preparation of the specimen. 

Fig. b. Section of an eye which had glaucoma, coming on 
after extraction of cataract. Adhesion of lens 
capsule to extraction scar shown. 

Fig. c. Section of an eye in which the whole iris escaped 
through a wound in the cornea, and in which 
there was afterwards increase of tension. The 
angle of the anterior chamber is shown to be 
blocked by the anterior of the ciliary processes, 
which is displaced forwards. 
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ber blocked in that situation. The advanced position 
which the capsule takes, by reason of its attachment to the 
cornea, draws forwards the iris lying in front of it, and 
in this way approximates the root of the iris elsewhere 
than in the region of the coloboma, to the periphery of the 
cornea. In some cases, especially those in which the ex- 
traction scar is very corneal, the advance in the position 
of the capsule is so great that the ,i]i|"Kisition of the cornea 




half of an eye liom which a cataract had been 
extracted and in which a membrane had been subsequently needled- The 
lens capsule with a hole in its centre is shown adherent to 
cicatrix, dragging forwards the iris in front of it. 



and iris is actually occasioned. In such cases the in- 
creased tension follows directly the wound has closed 
after the operation. The adhesion of the lens cap- 
sule to the extraction scar is sometimes composed 
of inflammatory exudation (Plate V., fig, 6) ; this on 
organising and contracting tends gradually to advance 
more and more the position of the capsule and cor- 
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sequently that of the iris. Such a gradual advance 
would expain those cases in which the increased ten- 
sion does not make its appearance until some time 
after the cataract has been removed. In an aphakic eye 
in which glaucoma followed the operation of needling an 
opaque membrane I found, besides an adhesion of the 
capsule to the extraction scar, a second adhesion at the 
needle puncture. This second adhesion had caused a 
further advance in the position of the capsule, which led to 
apposition of the root of the iris and the cornea, and so 
to increased tension. A needle operation after extraction 
of cataract leads sometimes to the onset of increased ten- 
sion without any second adhesion of the capsule to the 
cornea, probably either by the swelling of the cortical lens 
matter so often left in the periphery of the capsule, 
through the action of the aqueous humour on it, or by the 
swelling of the ciliary processes occasioned by dragg 
on them in tearing through the capsule. This swelling ■ 
of the cortical lens matter, or sweUing of the ciliary 
processes may be just sufficient to push fonA-ard the 
root of the iris into contact with the cornea, to which 
it is already abnormally close by reason of the ad- 
vanced position of the lens capsule. I have one specimen 
of glaucoma occurring in an eye from which a traumatic 
cataract had been extracted in its capsule ; in it the an- 
terior hyaloid of the vitreous is clearly shown adherent to 
the cicatrix in the cornea. An adhesion of the hyaloid of 
the vitreous to the cornea would tend to cause a greater 
advance in the position of the iris than an adhesion of , 
the lens capsule, because normally it is further back. 
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Glaucoma in Cases of Traumatic Aniridia. 

I have met with two eyes in which the whole iris had 
escaped through a wound near the centre of the cornea, 
and which afterwards became glaucomatous. Until I 
examined sections of them microscopically the cause of 
the increased tension seemed to me quite inexplicable. 

In both these eyes the lens had been wounded, some 
portion of it escaping and a broad adhesion of its capsule 
to the corneal scar remaining. In the escape of the iris 
through the wound the anterior part of the cihar>' body 
had become drawn forwards, the advance in the position 
of which had been maintained by the adhesion of the lens 
capsule to the wound. In both specimens I find the 
most anterior of the ciliary processes in contact with the 
posterior surface of the ligamentum pectinatum (Plate V., 
fig- c). 



The Modus Operandi of Iridectomy in the Relief 
OF Tension in Primary Glaucoma. 

Since Grafe, by what must be described as a lucky 
chance, discovered that the removal of a portion of the iris 
would relieve the tension in primary glaucoma, numerous 
speculations have been made and theories suggested 
as to its modus operandi. Obviously the only way to 
obtain any accurate data upon which to form an opinion 
on this subject, is to examine sections of eyes on which 
the operation has been performed, and to compare those 
in which it has proved successful with those in which it 
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has failed. Eyes in which iridectomy has relieved ten- 
sion are not often obtained for pathological examination ; 
I have, however, had four such specimens. Those in 
which the operation has failed — unfortunately, only too 
frequently — come into the pathologist's hands. A careful 
study of these offers many points of practical interest. 
I As with so many subjects, when they come to be investi- 
gated closely the issue is found not to be a simple one. 
Iridectomy does not relieve tension always in precisely 
the same way — failure in relief of tension by iridectomy 
is not always due to the same cause. 

First I should like to point out that iridectomy is 
performed in two very different ways. So different are 
these two modes of performing the operation in their 
possible results as regards the relief of tension, that I 
think it would be well to designate them by two differ- 
ent names. The term "iridectomy" might be retained 
for those cases in which an incision is made and the iris 
simply drawn out and snipped off. The old name of 
"iridectomedialysis" might be revived for those in which 
after the incision is made the iris is drawn out, snipped 
on one side, then torn away from its insertion along the 
whole length of the wound, and finally cut off. 

Before proceeding to the ways in which I have found 
iridectomy to relieve tension, I will dispose of two of the 
theories which have been put forward with regard to it-j 
It is held by some that in making the incision for iridi 
tomy for glaucoma the knife is passed into the extrei 
angle of the anterior chamber, and made to open up the 
blocked spaces of Fontana and the canal of Schlemm. 
In order to be able to determine the exact relative posi- 
tion of a cicatrix to the sclero-corncal margin I have, 



DESCRIPTION OF PLATE VI. 

Sections of eyes upon which iridectomy had been performed 
for glaucoma. Illustrations reproduced from photo- 
micrographs of the parts about the seat of operation. 

Fig. a. Acute glaucoma. Tension relieved by operation. 
Eye excised ten years later for corneal ulcer and 
hypopyon. A small portion of the root of the 
iris has been left after the iridectomy, but the 
angle of the anterior chamber is open. 

Fig. b. Recent glaucoma. Keratome used for incision. 
Section very oblique, and not very peripheral. 
Iris removed quite up to the ciliary body. 

Fig. c. Glaucoma of two months standing. Tension re- 
lieved by operation. Eye excised five weeks 
later for ulceration of cornea. Iris removed 
quite up to the ciliary body. 
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several recently excised eyes with healthy corneas, made 
a. scratch with a needle through the epithelium at what 
appeared to be the exact junction of the clear cornea with 
the opaque sclerotic. I then hardened the eyes and cut 
sections of them, and found that my scratch corresponded 
to the usually well-defined termination of Bowman's 
membrane. The distance of this landmark to a point 
on the surface of the globe on a level with Schlemm's 
canal is i"6i mm., and to a point level with the com- 
mencement of the ligamentum pectinatum — i.e., where 
Descemet's membrane begins to split up— i mm. On 
account of the obliquity of the line of junction of the 
cornea and sclerotic it follows, that an incision which 
passed external to the termination of Bowman's mem- 
brane and internal to the commencement of the liga- 
mentum pectinatum, would be partly corneal and partly 
scleral. One which passed internal to the termination of 
Bowman's membrane would be purely corneal, and one 
passing through the ligamentum pectinatum almost en- 
tirely in the sclerotic. 

The iridectomy cicatrices in the eyes which I have 
examined microscopically are nearly all oblique, the gap 
left in Descemet's membrane on the posterior surface of 
the cornea being more internal than the commencement 
of the cicatrix on the surface of the globe. The amount 
of obliquity varies considerably, and, speaking generally, 
it is more in those cases in which a keratome was used 
(Plate VI., fig. b) than in those in which the incision was 
made with a Grafe's knife (Plate VI., fig. c). In only 
two of the eyes I have examined had the incision been 
made sufficiently peripheral to penetrate the ligamentum 
pectinatum. In one of these the lens escaped, and the 



ciliary body prolapsed the day following the operation 
(Plate VIII., fig. c). In none had the canal of Schlemm 
beea reached. In one eye the cicatrix was entirely cor- 
neal. In the remainder, including those cases where the 
glaucoma was cured, it was partly corneal and partly 
scleral. 

Another theory is that the removal of the iris has 
little or nothing to do with the relief of tension, but 
that it is occasioned by the formation of a band of scar 
tissue, which, being situated at the sclero-comeal margin, 
allows of the filtration of the aqueous humour through it. 
A priori, it is unlikely that the fibrous tissue of a cicatrix 
would be more permeable by fluid than the fibrous tissue 
of the cornea or sclerotic. 

Experimentally, Schceler* has shown that in rabbits' 
eyes upon which sclerotomies have been performed, filtra- 
tion is retarded, not promoted, and that when he in- 
creased the pressure in these eyes the cicatrices remained 
dry. 

Pathologically, I find in several eyes iridectomised 
for glaucoma, good bands of cicatricial tissue, well at the 
periphery of the chamber free for some part of their 
extent from any entanglement of the iris, in which the 
tension returned and persisted. 

Starting now with the known fact, that whatever 
is the first factor in the causation of primary glau- 
coma, the tension is kept up by the apposition of the 
root of the iris to the posterior surface of the cornea, 
preventing the exit of the aqueous humour through 
the spaces of Fontana. I find that in the four speci- 

* " TranBactions of the International Medical Congress,'' tSSi, vol. iii.. 
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mens I have examined, in which normal tension was 
re-estabhshed (three of them being subsequently excised 
for some intercurrent malady and the other removed post- 
mortem) the arrest in the exit of iJuid from the eye was 
relieved in somewhat different ways. 

The first case was that of a woman aged fifty-seven 
years, in whom iridectomy was performed for acute glau- 
coma of four days standing; tension was relieved and the 
eye excised ten years later on account of an ulcer of the 
cornea with hypopyon. In this eye the angle of the 
anterior chamber was round and open, both in the region 
of the coloboma and elsewhere. The iris had not been 
removed to its extreme periphery, a portion of its root 
had been left (Plate VI., fig, a). It would seem that in 
this case the apposition of the root of the iris to the 
cornea having only been of recent origin, slight means 
were sufficient to dislodge it from its faulty position, 
that the escape of the aqueous and the drag on the iris 
incident to the iridectomy, had effected this. 

The second case was that of a man aged sixty-nine 
years, who had an iridectomy performed on his right eye 
for a glaucoma of two months' standing. The eye was 
excised five weeks afterwards on account of ulceration of 
the cornea ; during the time which had elapsed since 
the operation tension had remained normal or slightly 
sub-normal. Microscopical examination of this eye 
showed that the iris had been removed quite up to its 
point of junction with the ciliary body — that is, in this 
eye the iris had torn through at its thinnest part, as it 
usually does when drawn upon in the normal state (Plate 
VI., fig. c). The filtration a.rea in the region of the 
coloboma had thus been opened up through which the 



iiG Anatomy and Pathology of the Eye. 

aqueous humour could escape. A similar result had been 
obtained in the third case; that of a woman aged eighty- 
eight years, who had had repeated attacks of increased 
tension. An iridectomy was performed and the tension 
remained normal up to the time of her death. The angle 
of the anterior chamber elsewhere than at the seat of the 
iridectomy in this eye remained closed. 



The Mode of Formation of a Cystoid Cicatrix. 

The fourth case was a private patient under the care of 
Mr. Tweedy, to whom I am indebted for the specimen. 
The patient was a woman who had chronic glaucoma in 
both eyes. In each an iridectomy was performed, and in 
each the tension was reheved. In the left the cicatrix 
became cystoid. Eleven months later, while out driving, 
she caught cold in the eye, and an attack of iritis ensued. 
Thirteen months after the iridectomy the left eye was 
excised for the relief of pain. In the region of the iri- 
dectomy scar of this eye there was a gap in the sclero- 
corneal tissue, over which the conjunctiva stretched, and 
around which the conjunctival tissue was swollen and 
cedematous. Around the outer part of the gap in the 
sclero-corneal tissue the anterior part of the ciliary body 
turned, lining the outer wall of the gap, while remnants 
of the atrophied root of the iris were found lining the rest 
of it (Plate VII., fig. b). Relief of tension in this case 
had evidently been occasioned, not by the opening up of 
the normal passages for the exit of fluid from the eye, 
but by the formation of a fresh one in the shape of a 
fistula in the fibrous tunic of the globe, through which 
aqueous humour passed into the sub-conjunctival tissue. 
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DESCRIPTION OF PLATE VII. 

Sections of eyes showing the fornlation of a cystoid cicatrix. 
Illustrations reproduced from photo-micrographs. 

Fig. a. Prolapse of a fold of iris into iridectomy cicatrix at 
the margin of the coloboma. The first stage in 
the formation of a cystoid cicatrix. 

Fig. b. Chronic glaucoma. Tension normal for a year 
after operation. Eye then excised on account 
of iritis and pain. Cystoid cicatrix partly lined 
by atrophied iris, partly by ciliary processes. 
Sub-conjunct ival tissue near cicatrix swollen. 

Fig, c. Cystoid cicatrix lined by atrophied iris tissue, in an 
eye in which glaucoma came on after extraction 
of cataract. Sub-conjunctival tissue around 
cicatrix swollen. 
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I have examiaed microscopically several cystoid cica- 
trices and find they are always lined by more or less 
atrophied iris tissue. If the cut end of a piece of iris 
becomes entangled in a wound, "the wound in closing 
incorporates the iris in the cicatrix. If, however, a fold 
of iris tissue becomes involved (Plate VIL, fig. a), the 
anterior surface of the iris unites to the cut edges of the 
sclero- corneal tissue, the conjunctiva heals over it, and 
thus a gap is left lined by iris tissue in the walls of the 
eyeball. It is known that the iris tissue is impermeable 
by the intra-ocular fluids, for when the pupil becomes 
closed by total posterior synechias they accumulate be- 
hind it and bow it forwards, instead of passing through it. 
Hence it follows that an eyeball may have a gap in its 
coats, through which no escape of fluids will occur into 
the sub -conjunctival tissue as long as it is lined by 
impermeable iris tissue. Should, however, there be any 
tendency to accumulation of fluids in such an eye, the 
gap, being a weak spot, will yield and expand, the iris 
tissue lining it will become atrophied and stretched, 
and breaks will occur in the continuity of its uveal 
pigment layer, which is probably the chief obstacle to the 
passage of fluid through it. There would then be formed 
a thin bulging or cystoid cicatrix lined by very atrophied 
iris tissue, through which any excess of intra-ocular fluid 
would be able to pass into the sub-conjunctival tissue 
(Plate VII., fig. c). It is not uncommonly observed, 
and was pointed out by Grafe, that these cystoid 
cicatrices periodically discharge themselves sub-conjunc- 
tively, the explanation being that when the accumu- 
lation of fluid has reached a certain stage a rent 
occurs in the iris tissue which allows of its escape. Mr. 
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Bader, in the form of sderotomy which he advocates, 
seeks to produce a condition such as the above. He 
says:* *' To secure snccess it is desirable to obtain, and 
to maintain, a staphyloma of the conjunctiva, with or 
withoat prolapse of the iris." De Wecker and most 
other operators endeavour to avoid a prolapse of any 
kind. 



The Causes of Failure op Iridectomy in the 
Relief of Tension. 

Such, then, being the ways in which I have found iri- 
dectomy to relieve the increase of tension in glaucoma, 
I will now describe what I have found to be the causes of 
failure in the operation. By far the commonest would 
seem to be the non-removal of the iris up to its ex- 
treme periphery, so that a portion of it is left block- 
ing up the filtration area, sometimes rendered addition- 
ally secure in its faulty position by the healing of 
the cut end of the iris in the corneal cicatrix (Plate 
VIII., fig. a). In cases where glaucoma has been of 
long standing the root of the iris becomes absolutely 
adherent to the cornea, and when drawn upon, instead 
of tearing at its junction with the ciliarj' body, tears at 
the point where it ceases to be adherent, so that the 
filtration area never becomes opened up. Sometimes the 
adhesion of the iris is so firm that its separation is an 
absolute physical impossibility. In acute glaucoma, when 
the root of the iris only lies in apposition with the cornea 
and is not adherent to it, it tears away from its extreme 
• " Transactions of the Interrational Medical Congress," 1881, vol. iii.. 



DESCRIPTION OF PLATE VIII. 

Sections of eyes upon which iridectomy had been performed 
for glaucoma. Illustrations reproduced from photo- 
graphs of the parts about the seat of operation. 

Fig, a. Subacute glaucoma. Return of tension after opera- 
tion. Excision two months later. A large por- 
tion of the periphery of the iris has been left 
blocking the filtration area, its cut end is ad- 
herent to the iridectomy cicatrix. 

Fig. b. Absolute glaucoma. Return of tension after opera- 
tion. Excision a year later. Lens capsule ad- 
herent to iridectomy cicatrix. The lens has 
become somewhat displaced backwards from the 
position in which it was in the recent state. 
The filtration area is blocked by ciliary pro- 
cesses. 

Fig. c. Glaucoma of two months standing. Section very 
peripheral. Prolapse of ciliary body. Escape 
of lens the day after operation. 
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periphery. This is the difference between acute and 
chronic glaucoma, which renders the operation of iridec- 
tomy such a very satisfactory proceeding in the former 
and so very unsatisfactory in the latter. 

Another cause of failure in the removal of the iris 
up to its periphery is the way in which the opera- 
tion is performed ; thus a simple withdrawal of the 
iris and snipping it off are not so well calculated to 
effect this as what I would term, as I have already 
explained, an " iridectomedialysis." Sometimes after 
an iridectomy for glaucoma the anterior chamber is 
very slow in re-forming. In such cases the plastic 
exudation thrown out to effect the closure of the sclero- 
corneal wound may unite the lens capsule lying in con- 
tact with the wound to it. Then when the anterior 
chamber does re-form, the part of the lens in the region 
of the wound will remain adherent to it, become drawn 
forwards, and hold the anterior of the ciliary processes 
or the root of the iris, if a piece of it is left, in con- 
tact with the ligamentum pectinatum in the situation of 
the coioboma (Plate VIII., fig. b). In such cases, it is 
needless to say, tension is not relieved. 

It has been suggested that where the lens is very 
much pushed forwards in cases of glaucoma, or where 
it seems unlikely that the anterior chamber will readily 
re-form, a scleral puncture should be performed as a 
preliminary procedure, and in some cases this has ap- 
parently seemed to answer its purpose well. I should 
like to point out, however, a possible danger which I 
have met with in connexion with scleral puncture. In 
a case in which it was performed suppuration in the 
vitreous subsequently ensued, and the eye had to be 
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excised. Sections across the line of puncture sho^ a 
prolapse of vitreous much infiltrated with pus cells lying 
in it. It must have been along this prolapse of vitreous 
that the suppurative infection had gained access to the 
interior of the eye. 

Prolapse or adhesion of the ciliary processes to the 
sclero-corneal cicatrix after the iris has been removed not 
infrequently occurs when the incision is a very peripheral 
one (Plate VIII., fig. c). A study of the anatomical 
relation of the anterior part of the ciliary body and iris 
shows at once that this is what might be expected. The 
anterior part of the ciliary processes extends for some 
distance behind the periphery of the iris, so that if the 
sclero-corneal incision is a very peripheral one, and the 
iris is drawn out, the anterior part of the ciliary body is 
drawn forwards with it ; in one specimen I have it was 
cut off with the iris. An adhesion of the anterior part of 
the ciliary body to the iridectomy cicatrix I have found 
to block the filtration area, even after the iris has been 
removed up to its extreme periphery, In acute glaucoma 
I do not think there is any necessity, provided an iridec- 
tomedialysis be done, to make the incision very peri- 
pheral. The iris tears away naturally at its root when 
drawn upon, wherever the incision is (Plate VI., fig. 6), 
and a peripheral incision certainly increases the risks of 
the operation. 

I should like to urge, as the result of my observations, 
the necessity of performing an iridectomy early in cases 
of chronic glaucoma. I think in some cases, even, it 
would be well to perform what might be termed a pre- 
ventive iridectomy for this disease — that is, to perform 
an iridectomy when only the subjective symptoms are 
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present and when no deterioration of vision has occurred. 
The risks of an iridectomy in such an eye are very small 
— they can hardly be considered greater than the risks 
of a preliminary iridectomy for extraction of cataract. 
The chances of success, in preventing or relieving in- 
creased tension, of an iridectomy performed before ad- 
hesion of its root to the cornea has occurred are infinitely 
greater than after such adhesion is established. 
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The Immediate Effects of Concussion of the Eye. 

A blow from a blunt object on the front of the eye 
which does not cause a perforating wound may give rise J 
to several different lesions, some of which are well known, I 
and others I believe I was the first to describe. I pro- 
pose now to discuss these changes which are produced in 
an eye as the result of concussion. The one with which 
perhaps ophthalmic surgeons are most familiar is what is ' 
termed iridodialysis, that is a detachment of a portion of 
the periphery of the iris from the ciliary body. 

Arlt* describes its mode of formation as follows : — 
"The cornea being momentarily flattened the circle de- 
scribed by the corneo-scleral border and the ciliary body, 
with which it is firmly united is extended, whilst the I 
sphincter iridis is contracted, the serrated connection of I 
the iris with the ciliary body is torn to a greater or less 1 
* Von Ailt's "Diseases of the Eye." Translated by Ware, p. 315. 
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extent and a second communication is formed between 
the anterior and posterior chambers." 

Fuchst has shown that there is another important 
factor in these cases, he says: — "the blow which strikes 
the cornea and flattens it out also pushes the aqueous 
backward. The latter tends to recede and pushes 
against the posterior wail of the anterior chamber, which 
in the area of the pupil is formed by the lens and in the 
rest of its extent by the iris. The latter when pushed 
backwards, finds a support in the lens except at its mar- 
ginal portion which lies outside the margin of the lens. 
Here the posterior chamber is deepest and is bounded 
only by the feeble zonula of Zinn. The periphery of the 
iris, therefore, forms the most yielding spot in the pos- 
terior wall of the anterior chamber and the one which is 
the first to give way before the pressure of the receding 
aqueous." 



Changes found in Eyes injured by Concussion. 

In the eye of a man aged 42, which three months 
before excision had received a severe blow on it but no 
perforating wound, and which previously had very defec- 
tive vision from high myopia and a detachment of the 
retina; I found the periphery of the iris in its entire 
circumference forced backwards between the margin of 
the lens and the ciliary body, the anterior chamber much 
deepened, and its angle widely opened out (Plate IX,, 
fig. a). 

In this eye there had been no tearing of any tissue, but 
I it can be easily understood that the forcing of the iris 
• " Tejtt-book of Ophthaimology," English tranBlation, p. 302. 



124 Anatomy and Pathology of the Eye. 

back io this way, readily causes it to tear at its weakest 
point, i.e., its point of union with the ciliary body, and for 
an iridodialysis to result. 

In other cases instead of the iris tearing away from the 
ciliary body, those fibres of the ligamentum pectinatnm 
which curv-e round the angle of the chamber and go to 
the root of the iris, forming the so-called pillars of the 
iris, give way, and the ciliary muscle becomes split, so 
that the angle of the anterior chamber is prolonged out- 
wards; a witie gap being left between the circular and 
longitudinal muscle fibres. 

In one case in which I met with this condition the boy 
had been struck on his eye by a stone shot from a cata- 
pult {Plate IX., fig. c) ; in another case a boy aged i6 had 
struck his eye with the end of a stick which he was 
throwing over his shoulder. 

In a third case a boy aged ten strack his eye with the 
stick of his catapult and I found that on one side there 
was an iridodialysis and on the opposite side a tearing 
through of the pillars of the iris and a splitting of the 
ciliary muscle ; this shows conclusively that it is the 
same sort of injury which gives rise to the two dif- 
ferent lesions (Plate IX., fig. 6). In the case of a boy 
aged eleven who was looking up at some fireworks and 
received a blow on his right eye by the descending stick 
of a rocket, I found that not only had those fibres of 
the ligamentum pectinatum which go to the root of 
the iris been torn through, but also those which give 
origin to the ciliary muscle, and that the whole ciliary 
body had become separated from the sclerotic and dis- 
placed to one side (Plate IX., fig. d). The displace- 
ment of the ciliary body and iris beyond the sclero-cor- 





DESCRIPTION OF PLATE IX. 

Photo-micrographs of front halves of a series of eyes injured 
by concussion. 

Fig. a. Periphery of iris depressed backwards between lens 
and ciliary body. 

Fig, b. Irido-dialysis, and rupture of suspensory ligament 
and capsule of lens on one side. Rupture of the 
fibres of the Hgamentum pectinatum going to the 
root of the iris, and splitting of the ciliary muscle, 
on the other. 

Fig. c. Rupture of the fibres of the Hgamentum pectinatum 
going to the root of the iris and splitting of the 
ciliary muscle, on both sides. 

Fig. d. Rupture of the whole Hgamentum pectinatum, and 
separation of the iris and the ciliary body from 
the sclerotic. Iris on one side much shrunken. 
Blood-clots in the anterior chamber. Suspen- 
sory ligament and capsule of lens on one side 
ruptured ; vitreous protruding forwards between 
the ciliary body and lens. 

Fig. e. Dislocation of lens into the anterior chamber, 
secondary glaucoma. 
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neal margin, together with some shrinking of the latter, 
had caused the whole of the upper part of the iris to 
disappear chnically, and as there was a large blood-clot 
in the lower part of the anterior chamber, the whole of it 
was out of sight. The lens in this case was also dis- 
placed to one side and there was a commencing opacity 
in it. 

A case presenting itself in which, after a blow on the 
eye, the iris was found to have in part disappeared, the 
anterior chamber to have become deepened, and the lens 
displaced, would be diagnosed as one of retroflexion of 
the iris. The following description of this condition is 
given by Soelberg Wells :* 

" A very peculiar and rare condition is that of retrac- 
tion or depression of a portion of the iris, which is some- 
times produced by blows upon the eye. The portion of 
the iris which is depressed is folded back upon itself, and 
the inner pupillary circle disappears at the point where 
this folding occurs ; the peripheral portion of the iris is 
quite invisible, having sunk back out of sight, so that the 
eye at this point presents the appearance as if an iridec- 
tomy had been made quite up to the ciliary attachment. 
On examining the eye with the oblique illumination, or 
with the ophthalmoscope, we cannot, however, detect a 
trace of the ciliary processes, as would be the case if the 
iris had been removed. In such cases the lens has gene- 
rally been found partially dislocated or much diminished 
in size." 

The often-quoted case of von Ammon'st is the one 
upon which the description of the pathological condition 

• " TreatiM an DiMOses of the Eye," 3rd edition, p. 183. 
f "Archiv{urOphlIi«I.,"Bd. i., Ab. 3, S. iig. 
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in this class of cases is based. A young soldier, wishing 
to commit suicide, loaded his musket with powder, and 
then, pouring a quantity of water into the barrel, placed 
the muzzle in his mouth, discharged the piece, and fdl 
dead. In his riKht eye the only visible portion of the iris 
was a small crescentic piece on the outer side. The 
point where this portion disappeared was neither torn 
nor abruptly folded inwards, but disappeared without its 
being possible to discern what had become of it. Dis- 
fcction showed that the upper, inner, and lower borders 
of the iris were pushed back; the vitreous body was dis- 
placed ; the lens, with its capsule entire, touched the 
upper border of the middle of the superior ciliary pro- 
cesses, whilst the inferior bprder was found near the 
centre of the unnaturally large pupil. The lens and 
vitreous body had displaced the iris ; when they wer« 
removed under water the iris slowly returned to its 
position. 

My case shows that the same symptoms as those which 
I have quoted from Soelberg Wells may be produced by 
a rupture of the fibres of the ligamentum pectinatum, 
which allows of the retraction of the iris and ciliary body 
to such an extent that a portion may be completely with- 
drawn beyond the sclero-corneal margin, and conse- 
quently invisible by oblique illumination. 

The wide and sudden dilatation of the pupil which 
results from the depression backwards of the periphery 
of the iris, in concussion of the eye, may cause a rupture 
of the fibres of the sphincter muscle, or even a tear in the 
pupillary border of the iris, persistent dilatation and in- 
activity of the pupil resulting. Sometimes the forcing 
back of the periphery of the iris between the ciliary body 
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and margin of the lens leads to rupture of the fibres of 
the suspensory ligament, if this takes place in its entire 
circumference, then it is easy to understand that the 
expanded pupil of the displaced iris is very likely to slip 
round the lens, and for the latter to become dislocated 
into the anterior chamber. 

In some of the eyes I have examined the suspensory 
ligament was torn through only on one side, in these the 
vitreous had protruded forwards between the ciliary body 
and the side of the lens in the region of the rupture, 

Concussion Cataract. 

The almost complete absence of records of patholo- 
gical examinations of concussion cataract was drawn 
attention to by Lawford in the "Ophthalmic Review," 
for 1887. He gave a resume of the opinions of different 
authors with regard to it, and recorded two cases, in both 
of which he found a rupture of the capsule. 

I have now examined microscopically five other speci- 
mens of concussion cataract, all of which proved to have 
rents in the lens capsule, and so far as I know no case 
has been recorded of a concussion cataract in which the 
capsule was found to be definitely intact. The most fre- 
quent position in which the lens capsule ruptures is at or 
a little behind its equator; the two ends of the ruptured 
capsule retract and tend to coil outwards. A rupture 
occasionally occurs in the posterior part of the capsule, 
as is shown by a case recorded by Lawford and also by 
one which I examined myself, in which the ends of the 
divided capsule were widely separated by lens matter 
protruding backwards into the vitreous, which had re- 
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mained clear up to the time of excision, a week aiter the 



injury (Plate X.) 



Blood Staining of the Cornea. 



Sometimes as the result of injuries to the eye, either 
concussion or wounds, and sometimes spontaneously in 
blind eyes, extensive haemorrhage occurs into the anterior 
chamber ; the blood completely distending it, forcing 
back the iris and lens, and even occasionally giving rise 
to increased tension. 

In cases where this has occurred it has been observed 
that the cornea may become stained either a greenish or 
rusty-brown colour. The discoloration at first extends 
throughout the whole cornea, later on it disappears from 
the periphery and a narrow ring of clear cornea is seen 
in its entire circumference, the central stained portion 
ending by an abrupt well-defined margin. 

It is when the peripheral ring of cornea has become^ 
cleared, that it first becomes possible to diagnose the' 
case as one of staining of the cornea. When the whole 
cornea is stained, it is not possible to distinguish it from 
a simple distension of the anterior chamber with blood, 
the condition with which it is always associated. 

The appearances presented when a large circular area 
of the cornea is stained a rusty brown colour, around 
which there is a ring of clear cornea, closely simulate 
those of an amber- colon red lens dislocated into the 
anterior chamber ; so close is the resemblance, that I 
have seen some of the best observers mistaken in diag- 
nosing this affection. 

The disappearance of the discoloration of the cornea 
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DESCRIPTION OF PLATE X. 



Section of the front half of an eye injured by a blow from a 

stone. 
Rupture of the posterior capsule of the lens and extrusion 

of lens substance backwards through it. 
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goes on slowly from the periphery towards the centre, 
becoming slower and slower the further removed the 
stained area is from the sclero-corneal margin. In one 
case I was able to watch the discoloration of the cornea 
from its onset until it had completely disappeared. The 
haemorrhage into the anterior chamber in this case 
occurred on the removal of a prolapsed iris, the staining 
of the cornea could first definitely be noted eight days 
after the operation. Fifteen days after, the extreme 
periphery of the cornea in its entire circumference was 
quite clear. Twenty-five days after, the lower margin of 
the pupil dilated with atropine, was just visible below 
the staining. Tv.'o months after, there was still a large 
central opaque area. Nine months after, the centre of 
the cornea was still pigmented but much less densely so. 
A year after, the central patch was of a gray colour and 
measured 4 mm. in diameter. I did not see the patient 
again until two years and three months after, when the 
cornea was quite clear. This discoloration of the cornea 
may occur at any age. I have met with it in patients 
varying from 14 months to 56 years old. 

It is not a very rare condition, as the complete absence 
of any mention of it in textbooks on diseases of the eye 
would seem to imply. During three years at the Moor- 
fields Hospital I met with nine cases of the affection. 

Microscopical examination of corneae with this form of 
discoloration, show scattered throughout its substance 
a number of little granules, or highly refracting particles, 
or crystals. This substance cannot be made out to bear 
any definite relationship to the spaces between the fibres 
of the cornea, some of the granules extend as far forwards 
as Bowman's membrane ; they are strictly limited to the 
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fio cases and a drop of fuming nitric acid, I obtained a 
leautifiil play of colours passing from green to blue, to 
led, and then to a bright yellow. 

I The varying colour of the bile pigment or haematoidin 
% Gmelin's test, depends on the different degrees of its 
Bddation. Supposing this staining of the cornea to be 
Rie to the presence of hasmatoidine, then we have a 
satisfactory explanation of the difference in the colour 
of the stain which has been observed in different cases ; 
it sometimes being greenish and sometimes rusty brown 
or red. 

Halliburton reports that neither hEematoidine nor bili- 
rubin shows bands spectroscopically, but that both possess 
a strong absorption power for the violet end of the 
spectrum. 

I have examined with the micro-spectroscope the 
stained portion of the cornea from two cases and there 
were no absorption bands whatever to be seen, only 
absorption of the violet end of the spectrum. 

Hsematoidine is a derivative of hfemoglobin and is free 
from iron. I have tested sections of the cornea from four 
cases with ferrocyanide of potassium and hydrochloric 
acid, and also with ammonium sulphide ; the highly re- 
fracting granules were not stained black with the former 
or dark green with the latter test. In two of them, how- 
ever, though the granules were not stained green, a sub- 
stance which seemed to be confined to the interspaces 
between the laminje of the cornea; was. In the logwood 
and eosine stained sections of these two corneas, this 
substance did not show up very definitely but seemed 
3 stain rather more with eosine and less with logwood 
1 the surrounding fibrous tissue of the c 
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Ha\'in;^ determined the natore of the jngnient the next 
thing to consider is its mode of entrance into the cornea. 
Vossias was of opinion that there was direct hacmorrfaage 
into its substance, the blood coming firom the vessels at 
the sclero-comeal margin. If this was the case red 
blood corpuscles would be found in the cornea, and the 
discoloration would occur from the periphery- towards the 
centre. 

In none of the seven cases I have examined micro- 
scopically have I found any blood corpuscles in the 
cornea, and in two cases which were under observation 
while the discoloration came on, it \\-as noticed as soon 
in the centre as anywhere else. The fact of the dis- 
coloration always being associated \^ith blood in the 
anterior chamber, makes it highly probable that it is the 
source from which the pigment is derived. Weeks says 

• " Archiv fur Ophthal.," B. xxxv., Ab. 2, S. 207. 

f " New York Eye and Ear Infirmary Reports,** Vol. i., Part i, p. 37. 
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that it is probable that the pigment entered the substance 
of the cornea in the soluble form of haemoglobin, and was 
there transformed into a salt not soluble in the fluids of 
the cornea. With this I quite agree, for it is obvious 
that there is no circulation of fluid in the cornea with 
sufficient force to disseminate the particles of haema- 
toidine, which are insoluble in water and weak alkalies, 
throughout its substance. 

Weeks is further of opinion that this haemoglobin con- 
taining fluid entered the cornea through the spaces of 
Fontana. Seeing, however, that there is generally in- 
crease of tension in these eyes, due to the exit of fluids at 
the angle of the anterior chamber, being obstructed, and 
also as I have just mentioned that the discoloration 
appears as soon in the centre of the cornea as elsewhere ; 
I think it is more probable that the haemoglobin enters 
the cornea by a process of diffusion through Descemet's 
membrane. 

It can be easily realized that the process of clearing in 
the cornea after this discoloration is a slow one, when we 
consider that the substance which has to be removed — 
haematoidine — is insoluble in the fluid of the cornea, and 
that every particle has to be taken up by migratory 
leucocytes. 
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Third Edition, revised and edited by S. W, GROSS, A,M,, M,D.. 
Surgeon to the Philadelphia Hospital, llhislraled by 170 engravings, 
8ve, iSs. 
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REN AND ADULTS. Second Edition, with plates, crown. Kvo. los. 6d. 
[Lewis's Phacticai, Series. | 



A. STANFORD MORTON, m.b., f.r.c.s. eng. 
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TREATMENT AND COMPLICATIONS OF TRACHEOTOMY. 
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USE OF STUDENTS AND PRACTITIONERS. Third Edition. 
With Illustrationa, crown Svo. [/" preparation. 

[Lewis's Practical Series.] 



CHARLES "W. PURDY, w.d. (quei 
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A PRACTICAL "treatise '^ ON ''the DISEASES OK 

THE EAR: Including a Sketch of Aural Anatomy and Physi( ' 
Seventh Edition, Illustrated, large Svo, 25s. 
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THEATI8E ON THE DISEASES OF WOMEN, FOB 
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L.D.S., and J. O. Butcher, L.D.S, Eno., Assistant Dental Surgeon 
to Guy's Hospital. Fcap. 8vo, 4s. {Now ready. 



ADOLF STRUMPELL. 






^roflhiH 



alClim 
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CataJogv of WcHa PtOUMhal tgB.K. Lnm. 



JUKES DE STYRAT*, >«.».c.fj„ wc. 

THE TOUNG PHACTITIOITEH : WTPH FBACTICAIi ^ 
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